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REAL-TIME AUXILIARY COMPUTING FACILITY

APOLLO 0 OPERATIONAL SUPPORT TEAM HANDBOOK

MISSION OPERATIONS SECTION

TRW SYSTEMS GROUP

i. INTRODUCTION

THIS DOCUMENT PRESENTS THE OPERATING INSTRUCTIONS FOR THE

APOLLCI 9 REAL-TIME AUXILIARY COMPUTING FACILITY (RTACF) PROCES-

SORS AND IS INTENDED FOR USE BY THOSE "INDIVIDUALS ASSIGNED TO
THE RTACF APOLLO 9 OPERATIONAL SUPPORT TEAM. THE PROCESSORS

DESCRIBED IN THIS HANDBOOK WERE DEVELOPED BY THE RTACF

OPERATIONAL SUPPORT TEAM TO FULFILL THE RTACF REQUIREMENTS

FOR THE SUPPORT OF THE APOLLO 9 MISSION, A DETAILED DISCUSSION
OF THESE REQUIREMENTS AND A GENERAL DESCRIPTION OF THE

PROCESSORS ARE PRESENTED IN THE RTACF APOLLO 9 FLIGHT

ANNEX (REFERENCE 1).

SINCE TFE REQUIREMENTS AND THE PROCESSORS CCNFIGURED TO FUL-

FILL THOSE REQUIREMENTS WILL BE CONTINUALLY CHANGING PRIOR TO

THE MISSION, AND POSSIBLY EVEN DURING THE MISSICNt THIS

HANCBOOK HAS BEEN PLACED ON COMPUTER CARDS FOR CONVENIENCE OF

UPDATING.

I-i



2, OPERATING INSTRUCTIONS FOR THE GEMMV PROCESSORS

2, 1 GENERAL

THIS SECTION PRESENTS THE TAPE SETUP AND THE CONTROL CARDS

REQUIRED TO OPERATE THE GEMMV PROCESSORS ON THE UNIVAC 1108

CATA PR(ICESSING SYSTEM, ALSO PRESENTED IS A BRIEF DESCRIPTION
OF EACH PROCESSOR ALONG WITH THE ON-LINE INPUTS REQUIRED FOR

TFEIR OPERATION,

2,2 TAPE SETUP FOR THE UNIVAC IIC'8 DATA PROCESSING SYSTEM

TAPE UNIT

A

B

F

TAPE DESCRIPTION

GEMMV. PROGRAM (PCF| TAPE
MISSION TABLE TAPE

MISSION DATA TAPE

2,3 CONTROL CARD LISTING AND ON-LINE DECK SETUP FOR THE

UNIVAC 1108 DATA PROCESSING SYSTEM

COLUMN I 4 8
MSG

ASG A = XXXX

ASG B = XXXX

ASG F = XXXX

ASG GtNtV

XOT CUR

TRW AtB,FtG,N,V

IN A

D

N XOT GEMMV

XN$

XM$

COMMENTS

GEMMV PROGRAM (PCF) TAPE

NUMBER
MISSION TABLE TAPE NUMBER

MISSICN DATA TAPE NUMBER

SCRATCH UNITS ON FASTRAND
EXECUTE THE FOLLOWING IN-
STRUCTIONS
REWIND UNITS AtBtFtGtNvV
INPUT THE ENTIRE USER PCF
FROM UNI T A

SOURCE LANGUAGE. CORRECT-

ICNS (PATCHES!

EXECUTE GEMMV PROGRAM
N IS THE FILE NUMBER {.}F
THE DATA TAPE
M IS THE NUMBER OF GEMMV

TABLES TC INPUT

GEMMV TABLES

2-t



A
A
A
A

A
TRA 2t4

A
A
A

A
TRA 2,6,

A
A
A

A
A

TRA 2t4
• _FILE K

Et]F

A-ARRAY UPDATES FOR PHASE
1

EXECUTE PHASE I

A-ARRAY UPDATES FOR PHASE 2

EXECUTE PHASE 2

GEMMV A-ARRAY UPDATES AND

PHASE EXECUTE CARDS

A-ARRAY UPDATES FOR PHASE N

WHERE N IS THE LAST GEMMV

PHASE

EXECUTE PHASE N

LAST CARD IN THE GEMMV DECK

END OF FILE CARD

,W INDICATES 718 OVERPUNCH IN COLUMN I

** K IS THE NEXT FILE TO BE READ FROM THE PCF TAPE

2-2



2,4 THE GEMMV PROCESSORS

THIS SECTION PRESENTS A BRIEF DESCRIPTICN OF THE GEMMV

PROCESSORS AND THE ON-LINE INPUTS REQUIRED TO OPERATE EACH

PROCESSOR, ALSO INCLUDED IS A FIGURE FOR EACH PROCESSOR THAT

DEPICTS THE SEQUENCE OF THE GEI_MV PHASES, THE FLAGS USED TO

SKIP SPECIFIC PHASES, THE GROUPS OF PHASES THAT PERFORM FUNC-

TIONS, AND THE SPANS OF PHASES COVERED BY THE ITERATIVE (PIT)
MODE AND BOUNCARY VALUE MODE,

2--3



2,4oi ORBITAL MANEUVER PROCESSOR, - THIS PRCCESSOR WILL BE

USED TO SIMULATE ANY SPS OR RCS ORBITAL MANEUVER FOR WHICH THE

flilRN QUANTITIES HAVE PREVIOUSLY BEEN DETERMINED, THE OUTPUT
OISPLAY FOR THIS PROCESSOR WILL BE A DMT,

Frl F_l FIFl Fl

_JcoAsT1NOTEX_CUTEOI_CSl_ IcoAsT'OA'°°"O_',"O_E
ORBIT MANEUVER

Ic°AsT'°A_I_ iCOASTIO,..,0.
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ORBITAL MANEUVER PROCESSOR

(FILE 7 UNIVAC [108)

A. STANDARD GEMMV INPUT QUANTITIES FOR THE ORBITAL MANEUVER

DECK ARE LISTED BELOW

PHASE 1 - COAST TO ORBIT MANEUVER

A905-II

A48 71-3

A368

Aq3-5

AI138-40

A240-2
A24B-50

A2BO

INITIALIZATION
FLAGS TO SKIP APPROPRIATE PHASES

VECTOR IDENTIF ICATI CN

REVOLUTION NUMBER

LIFT-OFF TIME(HR, MIN, SEC)(G.M.T.)

VECTOR TIME (HR, MIN, SEC)(G.M.T.)

POSITION COORDINATES (ER) (X, YtZ)
VELOCITY COORDINATES (ERIHR) (X,Y,Z)

CURRENT WEIGHT [LB)

AII4B-5O

AI018-26

Aql 2

Aq13-5

A924
A925-7

A032

A941-2

A928-9

ORBITAL MANEUVER

TIME OF RCS IGNITION (HR, MIN, SEC)

(G.E.To)
REFSMMAT STORED ROW-WISE (NOT NECESSARY

IF REFSMMAT IS CCMPUTED AT IGNITION)
FLAG TO COMPUTE REFSMMAT AT DEORBIT IGNI-

TION (SINCE ALREADY SET TO I ON TAPE, SET

TO 0 CNLY IF REFSMMAT IS INPUT.)

IMU ROLL, PITCH, AND YAW GIMBAL ANGLES,

RESPECTIVELY (NECESSARY IF REFSMMAT IS

COMPUTED OR IF ALIGNMENT OPTION 6 IS

SPECIFIED I
ALIGNMENT OPTION
BODY ROLL, PITCH, AND YAW, RESPECTIVELY,
WHICH CORRESPOND TO ALIGI_MENT OPTION
GUIDANCE OPTION
TERMINATION INDEX AND VALUE, RESPECTIVE-
LY, OF RCS BURN
TERMINATION INDEX AND VALUE, RESPECTIVE-
LYt OF SPS BURN

PHASE 2 - (NOT EXECUTED)

PHASE 3 - (NOT EXECUTED)

PHASE 4 - (NOT EXECUTED)
PHASE 5 - (NOT EXECUTED)

PHASE 6 - (NOT EXECUTED)
PHASE 7 - (NOT EXECUTED)

PHASE 8 - (NOT EXECUTEDI
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PHASE 9 - RCS ULLAGE PRIOR TO ORBIT MANEUVER

PHASE I0 - SPS ORBIT MANEUVER

AI20 INTEGRATION INTERVAL (MUST BE SET TO 0.25

SEC [}NLY WHEN ORBITAL MANEUVER BURN IS
LESS THAN 0,50 S_C,)

PHASE [1 - COAST TEl APOGEE OR PERIGEE

PHASE 12 - COAST TO APZ3GEE OR PERIGEE

PHASE 13 - SHORT DURATION COAST

PHASE 14 - COAST FOR I SEC

A139 SET TO I TO TERMINATE RUN.

PHASES 15-20 - COAST FOR I SEC

B, IF A NAVIGATION UPDATE IS REOUIRED AT 12 MINUTES PRIOR TO

SPS IGNITION, SET IN ADDITION THE FOLLOWING INDIC=_S '

PHASF I - COAST TO ORBIT MANEUVER

All 48-50

A42 70

G,E,T, WHICH IS 12 MINUTES PRIOR TO SPS

IGNITION (HR, MIN, SEC)(THIS SHOULD RE-

PLACE THE RCS IGNITICN TIME,)

SET TO I TO OBTAIN NAVIGATION UPDATE AT

THE END OF THE FIRST PHASE,

PHASE B - COAST FROM FIXED DELTA T SEPARATION TO DEORBIT

A64B-9 TERMINATION INDEX AND VALUE, RESPECTIVELY

(NORMALLY, THE INDEX SHOULD BE 123, AND

THE VALUE SHOULD BE 705 SEC,)

C, IF P-40 DELTA V'S OR P-)O DELTA vms A_D DELTA V RESIDUALS

IN THE RCS CONTROL ARE TO BE INPUT, SET IN ADDITION THE

FOLLOWING INDICES'

PHASE I - INITIAL COAST PHASE

A92.5 ROLL ANGLE AT IGkITI_N (LVLHI

PHASE g - ULLAGE PRIOR TO DEORBIT BURN

Aq96-8

A9gO-IO01

Aq8 7-9

RESIDUAL DELTA VXt DELTA VYt DELTA VZ,

INPUT, RESPECTIVELY
P-40 DELTA VXt DELTA VY, DELTA VZ INPUT,

RESPECTIVELY

P-30 DELTA VX, DELTA VY, DELTA VZ INPUT,
RESPECTIVELY
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2.4.2 AVERAGE-GNAVIGATION EVALUATICN PROCESSOR. - THIS
PROCESSOR WILL BE USED TO DETERMINE WHETHER IT IS NECESSARY TO

PERFORM A NAVIGATION UPDATE PRIOR TO A PLANNED MANEUVER.

THE NAVIGATION UPDATE EVALL_ATION IS PERFORMED BY THE GEMMV

PROGRAM BY EMPLOYING THE FOLLOWING LOGIC. A SPACECRAFT TELE-

METRY VECTOR AND a RTCC STATE VECTOR ARE INPUT IN PHASE I AND

PROPAGATED TO THE MANEUVER TIME, THE MANEUVER IS SIMULATED
USING THE TELEMETRY VECTOR AND CMC GUIDANCE. THEN THE INCRE-

MENTAL VELOCITIES THROUGHOUT THE SIMULATICN ARE APPLIED TO THE

RTCC STATE VECTOR.

m m m n m _r_ m m lml_s_ co.sTiisps!coAsT,o. o-ICOAST AOO"leaTICO'S ' A O"lCO'S'TO' O"OR PERIGEE OR PERIGEE OR PERIGEE OR PERIGEE ._

VECTOR1 V_¢T'OR2
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AVERAGE-G NAVIGATION EVALUATICk PRDCESSDR

(FILE q UNIVAC IlOBI

AO STANCARD GEMMV INPUT QUANTITIES FOR AVERAGE-G DECK ARE

LISTED BELOW.

PHASF I - COAST TO ULLAGE PHASE

A48 71-3
A308

A93-5

A1138-40

A240-2

A248-50

A280

VEC TOR !

VECTOR IDENTIFICATICN

REVOLUTION NUMBER

LIFT-DFF TIME (HR, MIN, SECI(G.M.T.I

VECTOR TIME (HR, MIN, SECI(G.M.T.)

POSITION COORDINATES (ERI(X, Y, Z)

VELOCITY COORDINATES (ER/HR)(X,Y,ZI

CURRENT WEIGHT (LB)

A21 38-40

A1240-2
A1248-50

A12_0

A06

VECTOR 2

VECTOR TIME (HR, MIN, SECJ(G.M.T.|

POSITION COORDINATES (ER) (X,Y,ZI

VELOCITY COORDINATES (ER/HR)(X, Y, Z)

CURRENT WEIGHT (LBI

SET TO I IF VECTOR TIMES ARE DIFFERENT.

AI148-50

AIO 18-26

A.ql2

A913-5

A928-9

ORBIT MANEUVER

TIME OF RCS IGNITION (HR, MIN, SECT

(G.E.T.I
REFSMMAT STORED ROW-WISE (NOT NECESSARY

IF REFSMMAT IS CCMPUTED AT IGNITION)

SET TO 0 FOR INPUT REFSMMAT
IMU ROLL, PITCH, AND YAW GIMBAL ANGLES,

RESPECTIVELY (NECESSARY IF REFSMMAT IS

COMPUTED)
ALIGNMENT OPTION

BODY ROLL, PITCH, AND YAW ANGLES, RES-

PECTIVELY, WHICH CORRESPOND TO ALIGNMENT

OPTION
GUIDANCE OPTION

TERMINATION INDEX AND VALUE, RESPECT-

IVELY, OF RCS ULLAGE BURN

TERMINATION INDEX AND VALUE, RESPECT-
IVELYt OF SPS MANEUVER
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PHASE 2 - RCS ULLAGE PHASE

PHASE 3 - SPS MANEUVER PHASE

PHASE 4 - COAST TO FIRST GAMMA STOP (VECTOR I)

PHASE 5 - COAST TO SECOND GAMMA STOP (VECTCR 1)

PHASE 6 - TEN-SECOND COAST CALL DMT (VECTOR 1)

PHASE 7 - COAST TO FIRST GAMMA STOP (VECTOR 2)

PHASE 8 - COAST TO SECOND GAMMA STOP (VECTOR 2)

PHASE 9 - TEN-SECOND COAST CALL DMT (VECTCR 2)

PHASE 10 - RUN TERMINATION

AI30 SET TO I TO TERMINATE RUK.
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2.4.3 CONTINGENCY LANDING AREA (CLA) PROCESSOR, - THIS

PROCESSOR WILL BE USED TO DETERMINE THE DEORBIT _4ANEUVER IGNI-

TICN TIME REQUIRED TO ACHIEVE A TARGET LONGITUDE WHICH IS

NORMALLY LOCATED IN A CONTINGENCY LANDING AREA. THIS PROCESSOR

HAS THE CAPABILITY TO SIMULATE A MANEUVER AT A FIXED TIME OR AT

A SPECIFIED TIME INTERVAL PRIOR TO THE DEORBIT MANEUVER, AND AN

ENTRY PROFILE CONSISTING OF A CONSTANT LIFT VECTOR ORIENTATION

TO A SPECIFIED G-LOAD, AND THEN A CONSTANT BANK ANGLE TO DROGUE

CHUTE DEPOLYMENT. THIS PROCESSOR CAN ALSO SIMULATE A ZERO AND

FULL LIFT FNTRY PROFILE.

FFI m rrl _ n _l P l m Fin FRI_ Pl _
co,sT Rcs_ coAs,I_ Is" I_I_I XGSI_33K_

FIXED TIME SEP I FIXED _'T SEP DEORBIT BURN ENTRY I

I,= P.MOOE :!
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CONTINGENCY LANDING AREA PROCESSOR

(FILE I UNIVAC lie8)

All STANCARD GEMMV INPUT OUANTITIES FOR THE CLA DECK ARE
LISTED BELOW.

PHASE I - INITIAL COAST PHASE

A905-11

A48 71-3

A368
A93-5

All 38-40

A240-2

A248-50

A280

A1906

INITIALIZATION

FLAGS TO SKIP APPROPRIATE PHASES

VECTOR IDENTIFICATICN

REVOLUTION NUMBER

LIFT-OFF TIME (HR, MIN, SEC)(G.M.T.I

VECTOR TIME (HR, MIt_, SECIIG.M.T.)

POSITION COORDINATES (ER) (X,Y,ZI

VELOCITY COORDINATES IER/HR) (X,Y,Z)
CURRENT WEIGHT (LB)

ITERATION FLAG (SET TO 1 TO SUPPRESS

ITERATION)

AI148-50

Aql6
A917-9

A922-3

FIXED TIME MANEUVER

TIME OF RCS IGNITION (HR, MIN, SEC)
(G.EllT.)

ALIGNMENT OPTION I:F]R MANEUVER

BODY ROLL, PITCH, AND YAW ANGLES, RESPEC-

TIVELY, WHICH CORRESPOND TO THE ALIGNMENT
OPTION

GUIDANCE OPTION FOR MANEUVER

TERMINATION INDEX AND VALUE, RESPECTIVELY,
OF RCS BURN

TERMINATION INDEX AND VALUE, RESPECTIVELY,
OF SPS BURN

AI148-50

A916

A917-9

A93 1

A920-I

A922-3

FIXED DELTA T MANEUVER

TIME OF RCS IGNITION (HR, MIN, SEC)

(G.E.T.)

ALIGNMENT OPTICN FOR MANEUVER

BODY ROLL, PITCH, AND YAW ANGLES,
RESPECTIVELY, WHICH CORRESPOND TO THE

ALIGNMENT OPTION

GUIDANCE OPTION FOR MANEUVER

TERMINATION INDEX AND VALUE, RESPECTIVELY,

OF RCS BURN

TERMINATION INDEX AND VALUE, RESPECTIVELY,

OF SP S BURN

DEORBIT MANEUVER
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Atl4B-SO

A1018-26

A912

Aqt _-5

A924
A92 5-7

A032
Aq4 ].-2

A928-9

TIME OF RCS IGNITION (HR, MIN, SECI

(G.E.T.)
IF A FIXED TIME MANEUVER HAS BEEN PER-

FORMED, SET AI148-50 IN PHASE 4 INSTEAD
OF PHASE l.

REFSMMAT STORED ROW-WISE INOT NECESSARY

IF REFSMMAT IS CCMPUTED AT IGNITION)

FLAG TO CCMPUTE REFSMMAT AT DEORBIT

IGNITION (SINCE ALREADY SET TO I ON TAPE

SET TO 0 ONLY IF REFSMMAT IS INPUT.)

IMU ROLL, PITCH, ANt} YAW GIMBAL ANGLES,

RESPECTIVELY (NECESSARY IF REFSMMAT IS

COMPUTED OR IF ALIGNMENT OPTION 6 IS

SPECIFIED)

ALIGNMENT OPTION
BODY ROLL, PITCH, AND YAW, RESPECTIVELY,

WHICH CORRESPOND TO ALIGhMENT OPTION

GUIDANCE OPTION
TERMINATION INDEX AND VALUE, RESPECTIVE-

LY, OF RCS BURN

TERMINATION INDEX AND VALUE, RESPECTIVE-

LY, OF SPS DEORBIT BURN

AgO 1

Aq02

A1902

A911

A2gc7

.AI172

A904
A933

ENTRY

LIFT VECTOR ORIENTATICN (BANK ANGLED
FLOWN TO A SPECIFIED G-LEVEL (USED ONLY

IF AgI1 IS SET TO O)
LIFT VECTOR ORIENTATION (BANK ANGLED

PLOWN FROM A SPECIFIED G-LEVEL (IF A911=

O) OR FROM 300K FEET (IF A911=l)

LONGITUDE OF TARGET

SET TO O TO EXECUTE THE COAST TO X-G'S

PHASE •

SET TO SPECIFIED G-LEVEL TO INITIATE THE
ENTRY MODE (NECESSARY CNLY IF A91]. IS

SET TO 0).

ENTRY LIFT MULTIPLIER TO BE USED FROM A
SPECIFIED G-LEVEL (IF A911=0) OR FROM

300K FEET (IF A911=1)
ENTRY WEIGHT (LB)

SET TO 0 IF FOOTPRINT IS DESIRED.

PHASE 2 - FIXED TIME RCS SEPARATION

PHASE 3 - FIXED TIME SPS SEPARATION

PHASE 4 - COAST AFTER FIXED TIME SEPARATICN

PHASE 5 - COAST TO DEORBIT BURN

PHASE 6 - RCS SEPARATION AT FIXED TIME PRICR TO DEORBIT

Aq7 NUMBER OF SECONDS AFTER THE FIXED DELTA

T MANEUVER INITIATICN THAT PHASE 6 IS TO

TERMINATE (SET TO A LARGE NUMBER IF A

TERMINATICN IS INPUT FOR PHASE 6l
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PHASE 7 - SPS SEPARATION AT FIXED TIME PRICR TO DEORBIT

PHASE 8 - COAST FROM SEPARATION TD DEORBIT

PHASE 9 - RCS ULLAGE PRIOR TO DEORBIT BURN

PHASF 9 - RCS ULLAGE PRIOR TO DEORBIT BURN

PHASE IO - SPS DEDRBIT BURN

PHASE 11 - COAST TO 433K FEET

PHASE 12 - COAST TO 300K FEET

PHASE 13 - COAST TO X-G POINT

PHASE 14 - COAST TO 23,3K FEET

PHAS_ 15 - MAXIMUM LIFT FOOTPRINT EXECUTION

PHASE 16 - MINIMUM LIFT FOOTPRINT EXECUTICN

IF A NAVIGATION UPDATE IS REQUIRED AT 12 MINUTES PRIOR

TD DEDRBIT IGNITION, SET IN ADDITION THE FOLLOWING

INDICES.

PHASF I - INITIAL COAST

A1148-50 G.E.T. WHICH IS .I2 MINUTES PRIOR TO DE-

ORBIT IGNITION (HR, MIN, SECJ(THIS

SHOULD REPLACE THE RCS IGNITION TIME. I

A9C9 SET TO O SO THAT THE COAST FROM SEPARA-

TION TO DEORBIT PHASE WILL BE EXECUTED.

(THIS PHASE WILL BE USED TO EXECUTE THE

NAVIGATION UPDATE. I

PHASE 5 - COAST TO DEORBIT BURN

Az.270 SET TO I TO EXECraTE NAVIGATION UPDATE AT

END DF THIS PHASE.

PHASE 8 - COAST FROM SEPARATION TD DEDRBIT

A649 SET TO 705 TO TERMINATE THIS COAST T05
SECONDS PRIOR TO RCS ULLAGE.(IN CASE OF

AN RCS DEORBIT BURN THIS VALUE SHOULD BE

SET TO 720 SECONDS.}

C, IF P-40 DELTA V'S OR P-30 DELTA V'S AND DELTA V

RESIDUALS IN THE RCS CONTROL AXIS ARE TO _IE INPUT, SET

IN ADDITION THE FOLLOWING INDICES.

PHASE I - INITIAL COAST PHASE

A92 5 ROLL ANGLE AT IGNITICN ILVLH)

PHASE 9 - ULLAGE PRIOR TO DEORBIT BURN

A996-8

A909-I001

Ag8?-9

RESIDUAL DELTA VX, DELTA VY, DELTA VZ

INPUT, RESPECTIVELY

P-40 DELTA VX, DELTA VY, DELTA VZ INPUT,

RESPECTIVELY
P-30 DELTA VX, DELTA VY, DELTA VZ INPUT,

RESPECTIVELY
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E,

IF IT IS DESIRED TO ITERATE ON DELTA V WHILE HOLDING TIME
OF IGNITION FIXED, SET IN ADDITION THE FOLLOWING INDIC =-S.

PHASE 1 - INITIAL COAST PHASE

AlgOl

A147

AI48-O

SET TO 0 TO CALL SPECIAL ITERATION IN

PIT MODE.
SET TO 6 TO START I TERATIVE LOOP AT

BEGINNING OF SPS DEORBIT PHASE.

TARGET INDEX AND VALUE, RESPECTIVELY,

FOR PIT MODE

IF IT IS DESIRED TO COMPUTE A REFSMMAT AT SOME TIME

(_THER THAN DEORBIT IGNITION, SET IN ADDITION THE FOLLOWING

INDEX.

PHASE - WHERE REFSMMAT IS DESIRED

AI128 SET TO 1 TO COMPUTE REFSMMAT AT
BEGINNING OF THE PHASE.
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2.4.4 PRIMARY LANDING AREA (PLA) PROCESSOR, - THIS PROCESSOR

WILL BE USED TO DETERMINE THE DEORBIT MANEUVER IGNITION TIME AND

THE TIME TO REVERSE BANK ANGLE REQUIRED TO ACHIEVE A TARGET

(LONGITUDE AND LATITUDEI LANDING POINT WHICH IS NORMALLY LOCATED

IN A PRIMARY LANDING AREA. IT HAS THE CAPABILITY TO SIMULATE A

MANELIVER AT A FIXED TIME OR AT A SPECIFIED TIME INTERVAL PRIOR

TO THE DEORBIT MANEUVER, THE DEORBIT MANEUVER, AND AN ENTRY

PRF_FILE CONSISTING OF A SPECIFIED LIFT VECTOR DRIENTATIGN TO A

GIVEN G-LOAD, AND THEN A POSITIVE BANK ANGLE FCLLOWED BY THE

NEGATIVE NF THAT BANK ANGLE TO DROGUE CHUTE DEPLOYMENT, THE

PROCESSOR ALSO HAS THE CAPABILITY TO SIMULATE A ZERO AND FULL

LIFT ENTRY PROFILE,

THE PLA PROCESSOR IS THE ONLY GEMMV PROCESSOR THAT EMPLOYS

TFE BOUNDARY VALUE MODE. THE PROCESSOR USES THE ITERATIVE MODE

(PITT. PRIF)R TO THE BOUNDARY MODE, TO DETERMINE THE IGNITION
TIME REQUIRED TO ACHIEVE A LONGITUDE TARGET LANDING POINT ,

THIS IGNITION TIME IS THEN USED BY THE BOUNDARY VALUE MODE AS

AN INITIAL GUESS, IF THE IGNITION TIME TO ACHIEVE A LONGITUDE
TARGET IS AVAILABLE, THE PIT MODE MAY BE SUPPRESSED.

F_ r;l [TI _l El El F;l F;l ITl_ _ _ _ F;l

 COA'TAgOIA'IAgOICOASTIAOIA JAg 'IA 'Ol' IIXOSI23"3K OJ RCS SPS COAST RCS SPS COAST | RCS SPS 300K A911

FIXED TIME SEP _t _ 0 FIXED _T SEP DEORB/T BURN ENTRY
I I

i_ PIT MOD_ IL I

i_1 IT;I I_1 rT;I F;11Ta IT;1 13;1 IT;1 I;I I"£1 I_1

°I I
_.t _ 0 ' F_XED_T SEP 'D_ORBI'T BURN EN'rRY i ' FOOl"PRINT '

I I

J- 0OONDA_YMODE-. . J
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PRIMARY LANDING AREA PROCESSOR

(FILE 2 UNIVAC II08)

A. STANDARD GEMMV INPUT OUANTITIES FOR THE PLA DECK ARE
LISTEC BELOW

PHASE £ - INITIAL COAST PHASE

A905-II

A4B 7I-3

A368

A03-5

AI 138-40

A240-2
A248-50

A2BO

A19C6

INITIALIZATION

FLAGS TO SKIP APPROPRIATE PHASES

VECTOR IDENTIFICATION

REVOLUTION NUMBER

LIFT-OFF TIME (HR, MIN, SECI (G.M.T.)

VECTOR TIME (HR, MIN, SEC) (G.M°T.I

POSITION COORDINATES (ER) (X, Y, Z)

VELOCITY COORDINATES (ERIHR) (X, Y, Z)

CURRENT WEIGHT (,l.B)
ITERATION FLAG (SET TO I TO SUPPRESS

ITERATION)

AI148-50

A916

A917-9

A93I

A920-I

A922-3

FIXED TIME MANEUVER

TIME OF RCS IGNITION (HR, MIN, SEC)
[G°E.T.)

ALIGNMENT OPTION FOR MANEUVER

BODY ROLL, PITCH, AND YAW ANGLESr
RESPECTIVELY, WHICH CORRESPOND TO

THE ALIGNMENT OPTION

GUIDANCE OPTION FOR MANEUVER

TERMINATION INDEX AND VALUEr

RESPECTIVELYr OF RCS BURh

TERMINATION INDEX AND VALUEr

RESPECTIVELY, OF SPS BURN

A1148-50

A916

A917-9

A931

A920-1

A922-3

FIXED DELTA T MANEUVER

TIME OF RCS IGNITION (HR, MINt SEC)

(G°E.T.!

ALIGNMENT OPTION FOR MANEUVER

BODY ROLL, PITCH, AND YAW ANGLESr

RESPECTIVELY, WHICH CORRESPOND TO

THE ALIGNMENT OPTION

GUIDANCE OPTION FOR MANEUVER

TERMINATION INDEX AND VALUE,

RESPECTIVELYt OF RCS BURN
TERMINATION INDEX AND VALUE,

RESPECTIVELY, OF SPS BURN
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Al148-50

AI018-26

AgI2

A913-5

A924
Ag25-7

A92 8-g

DEORBIT MANEUVER

TIME OF RCS IGNITION (HR, MIN, SEC)

(G,E,T,! IF A FIXED TIME MANEUVER HAS

BEEN PERFORMED, SET A1148-50 IN

PHASE 4 INSTEAD OF PHASE I,

REFSMMAT STORED ROW-WISE (NOT NECESSARY
IF REFSMMAT IS C.O_PUTED AT IGNITIONI

FLAG TO COMPUTE REFSMMAT AT DEORBIT

IGNITION (SINCE ALREADY SET TO I ON TAPE,
SET TO 0 ONLY IF REFSMMAT IS INPUT,)

IMU ROLL, PITCH, AND YAW GIM8AL ANGLES,
RESPECTIVELY (NECESSARY IF REFSMMAT IS

COMPUTED OR IF ALIGNMENT OPTION 0

IS SPECIFIEDI

ALIGNMENT OPTION

BODY ROLL, PITCH, AND YAW RESPECTIVELY,

WHICH CORRESPOND TO ALIGNMENT OPTION

GUIDANCE OPTION

TERMINATION INDEX AND VALUE,

RESPECTIVELY, OF RC'S BI.IRN

TERMINATION INDEX AND VALUE,
RESPECTIVELY, OF SPS BURN

A901

A902

A1902-3

Aqll

A29C7

A1172

A904

Ag33

ENTRY

LIFT VECTOR ORIENTATION (BANK ANGLE|

FLOWN TO A SPECIFIED G-LEVEL (USED ONLY

IF A911 IS SET TO O,)

LIFT VECTOR ORIENTATION (BANK ANGLE)

FLOWN FROM A SPECIFIED G-LEVEL (IF Ag[I

= C) IF A911 = I, SEE F,

LONGITUDE AND LATITUDE OF THE TARGET

SET TO 0 TO EXECUTE THE COAST TO X-GtS

PHASE,
SET TO SPECIFIED G-LEVEL TO INITIATE

THE ENTRY MODE (NECESSARY ONLY IF

AglI IS SET TO 0,)
ENTRY LIFT MULTIPLIER TO BE USED FROM A

SPECIFIED G-LEVEL [IF AgII=O) OR FROM

30OK FEET [IF AgII=I)
ENTRY WEIGHT (LB)

SET TO O IF FOOTPRINT IS DESIRED,

PHASE 2 - FIXED TIME RCS SEPARATION

PHASE 3 - FIXED TIME SPS SEPARATION

PHASF 4 - COAST AFTER FIXED TIME SEPARATION

PHASE 5 - COAST TO DEORBIT BURN

PHASE 6 - RCS SEPARATION AT FIXED TIME PRIOR TO DEORBIT

Aq7 NUMBER OF SECONDS AFTER THE FIXED DELTA T

MANEUVER INITIATION THAT PHASE 6 IS TO

TERMINATE (SET TO A LARGE NUMBER IF A

TERMINATION IS INPUT FOR PHASE 6)

(

q

(
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PHASE ? - SPS SEPARATION AT FIXED TIME PRIOR TO DEORBIT

PHASE 8 - COAST FROM SEPARATION TO DEORBIT

PHASE q - RCS ULLAGE PRIOR TO DEORBIT BURN
PHASE 10 - SPS DEORBIT BURN
PHASE 11 - COAST TO 400K FEET

PHASE 12 - COAST TO 300K FEET
PHASE 13 - COAST TO X-G POINT

PHASE 14 - COAST TO 23,3K FEET

PHASE 15 - COAST TO DECIRBIT

A65 5 SET TO 125000 ONLY IF A911 = Ot

A901 = 180t AND A2907 = 1,

PHASE 16 - RCS SEPARATION AT FIXED TIME PRIOR TO DEORBIT

PHASE 17 - SPS SEPARATION AT FIXED TIME PRIOR TO DEORBIT

PHASE 18 - COAST FROM SEPARATION TO DEORBIT

PHASE 19 - RCS ULLAGE PRIOR TO DEORBIT BURN

PHASE 20 - SPS DEORBIT BURN

PHASE 21 - COAST TO 400K FEET

PHASE 22 - COAST TO 3OOK FEET

PHASE 23 - COAST TO X-G POINT
PHASE 24 - COAST TO BANK REVERSE

PHASE 25 - REVERSE BANK

PHASE 26 - COAST TO 23,3K FEET

PHASE 27 - MAXIMUM LIFT FOOTPRINT EXECUTION

PHASE 28 - MINIMUM LIFT FOOTPRINT EXECUTION

B. IF A NAVIGATION UPDATE IS REQUIRED AT 12 teINUTES PRIOR

TO DEORBIT IGNITION, SET IN ADDITION THE FOLLOWING INDICES

PHASE I- INITIAL COAST

A1148-50 G.E,T. WHICH IS 12 MINUTES PRIOR TO

DEORBIT IGNITION (HR, MIN, SEC) (THIS

SHOULD REPLACE THE RCS IGNITION TIME,)

A909 SET TO 0 SO THAT THE COAST FROM

SEPARATION TO DEORBIT PHASE WILL BE

EXECUTED. (THIS PHASE WILL BE USED

TO EXECUTE THE NAVIGATION UPDATE,)

PHASE 8 - COAST FROM SEPARATION TO DEORBIT (PIT MODE)

AND

PHASE IB - COAST FROM SEPARATION TO DEORBIT (BOUNDARY MODE)

ALl. ('_
Jl._ U "t "7 SET TO TO5 TO TEBMiNATE THiS COAST 705

SECONDS PRIOR TO RCS ULLAGE (FOR AN RCS

DEORBIT BURN THIS VALUE SHOULD BE SET TO

720 SECONDS, )

PHASE 15 - COAST TO DEORBIT BURN

A42 70 SET TO I TO EXECUTE NAVIGATION UPDATE AT

END OF THIS PHASE.

2-2t



C, IF P-40 DELTA V'S OF P-30 DELTA V'S AND DELTA V RESIDUAL

IN THE RCS CONTROL AXES ARE TO BE INPUT, SET IN

ADDITION THE FOLLOWING INDICES

PHASE I- INITIAL COAST PHASE

A925 ROLL ANGLE AT IGNITICN (LVLH)

PHASF q - ULLAGE PRIOR TE DEORBIT BURN

AND
PHASE 19 - ULLAGE PRIOR TO DEORBIT BURN

A996-8 RESIDUAL DELTA VX, DELTA VY, DELTA VZ
INPUT, RESPECTIVELY

A999-100l P-40 DELTA VX, DELTA VYt DELTA VZ INPUT,

RESPECTIVELY
OR

Aq87-9 P-30 DELTA VX, DELTA VY, DELTA VZ INPUT,
RESPECTIVELY

D. IF IT IS DESIRED TO ITERATE ON DELTA V WHILE HOLDING TIME

OF IGNITION FIXED, SET IN ADDITION THE FOLLOWING INDICES

PHASE I- INITIAL COAST PHASE

A1901 SET TO 0 TO CALL SPECIAL ITERATION IN

PIT MODE.

A147 SET TO 6 TO START ITERATIVE LOOP AT
BEGINNING OF SPS DEORBIT PHASE.

A148-9 TARGET INDEX AND VALUE, RESPECTIVELY,

FOR PIT MODE

E. IF IT IS DESIRFD TO SUPPRESS THE PIT MODE, SET IN

ADDITION THE FOLLOWING INDEX

PHASE I- INITIAL COAST PHASE

Atgc6 SET TF] l.

F, IF THE COAST TO X-G POINT PHASE IS NOT EXECUTED, SET IN

ADDITION THE FOLLOWING INDICES'

PHASE [- INITIAL COAST PHASE

A902 SET TO O.

PHASE 15 - COAST TO DEORBIT

A902 LIFT VECTOR ORIENTATION (BANK ANGLEI

FLOWN FROM 3OOK FEET
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2.4.5 HYBRID DEORBIT PROCESSOR. -THIS PROCESSOR WILL BE
USED TO DETERMINE THE HYBRID DEORBIT IGNITION TIME REQUIRED TO
ACHIEVE A TARGET LONGITUDE, THIS PROCESSOR HAS THE CAPABILITY
TO SIMULATE A MANEUVER AT A SPECIFIED TIME, THE HYBRID DEORBIT

MANEUVER, AND ENTRY PROFILE CONSISTING OF A CONSTANT LIFT

VECTOR ORIENTATION TO A SPECIFIED G-LOAD, AND THEN A CONSTANT

BANK ANGLE TO DROGUE CHUTE DEPLOYMENT.

A HYBRID DEORBIT IS PERFORMED IN TWO BURNS BY USING THE SM

AND CM RCS THRUSTERS TO ACCOMPLISH A FIXED INCREMENTAL VELOCITY

CHANGE WITH A CONSTANT INERTIAL THRUST VECTOR ORIENTATION.

THIS ORIENTATION IS DEFINED AS FOLLOWS. AT THE CENTROID OF

THF HYBRID DEORBIT BURNS, THE THRUST VECTOR DIRECTION IS
OPPOSITF THE GEOCENTRIC LOCAL HORIZONTAL. AFTER THE CM/RCS

_tJRN, A 60-SECOND COAST ALLOWS TIME TO PERFORM CM/RCS

SEPARATION AND REORIENTATION OF THE CM SO THAT THE EFFECTIVE

THRUST VECTOR ORIENTATION REMAINS CONSTANT.

THE FYBRID DEORBIT BURN IS SIMULATED BY THE GEMMV PROGRAM
BY FMPLOYING THE FOLLOWING LOGIC. IN PHASE 4 THE VECTOR IS

PROPAGATED TO ThE SM/RCS BURN TIME AND THE NECESSARY QUANTITIES

AeE INPUT TO CALCULATE AN ANALYTIC CENTROID OF THE COMBINATION

BURN. PHASE 6 WHICH IS EXECUTED NEXT, PERFORMS THE CENTROID

CALCULATION, PROPAGATES ThE TRAJECTORY TO THE CENTROID,

PERFORMS THE NECESSARY LVLH THRUST VECTOR ATTITUDE ALIGNMENT,

PROPAGATFS BACKWARD TO SM/RCS BURN INITIATION HOLDING THE

INERTIAL ATTITUDE, AND THEN INTEGRATES THROUGH THE SM/RCS BURN.

THE TRAJECTORY IS THEN PROPAGATED TO CM/RCS BURN INITIATION

IN PHASE B, AND THE CM/RCS BURN IS SIMULATED IN PHASE 9.

FTI ITI m P'l m m Pl m Fl _I I_l _l _l _ FT=_'I

 C ST!A OIA IAO1 'A ICOASTIA"O' 1IA"'lIA 3!RCS SPS COAST COAST j SM/RCS NOTEXECUItD [ CM/RCS NOTEXECUTED J 4001( 300K XGS 23.3 MAX MIN

FIXEDTIME J z_t_O HYBRID BURN ENTRY I FOOTPRINT
SEP

--I

__ PIT MODE I
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HYBRID DEORBIT PROCESSOR

(FILE 8 UNIVAC 1108)

A. STANDARD GEMMV INPUT QUANTITIES FOR THE HYBRID DEORBIT
DECK LISTED BELOW

PHASE I - INITIAL COAST PHASE

A905-II

A48 71-3

A368

A93-5

AI 138-40
A240-2

A248-50

A2BO

A1906

A11 48-50

AlnlB-26

A912

Agl 3-5

A916

Aq17-9

^o_ 4

A2923
A2924

A2925
AgoI

INITIALIZATION

FLAGS TO SKIP APPROPRIATE PHASES
VECTOR IDENTIFICATION

REVOLUTION NUMBER

LIFT-OFF TIME (HR, MIN, SEC) (G.M.T.)

VECTOR TIME (HR, MIN, SEC) (G.M.T.i

POSITION COORDINATES (ER) (X, Y, Z)

VELOCITY COORDINATES (ER/HR) IX, Y, Z}
CURRENT WEIGHT ILBI

ITERATION FLAG (ALREADY SET TO 0 ON TAPE

SET TO I TO SUPPRESS ITERATION.)

HYBRID DEORBIT MANEUVER

TIME OF RCS IGNITION (HR, MIN, SEC)
(G.E.T.)

REFSMMAT STORED ROW-WISE (NOT NECESSARY

IF REFSMMAT IS CCMPUTED AT IGNITION}

FLAG TO COMPUTE REFSMMAT AT DEORBIT

IGNITION (SINCE ALREADY SET TO I ON TAPE,
SET TO 0 ONLY IF REFSMMAT IS INPUT.)

IMU ROLL, PITCH, AND YAW GIMBAL ANGLES,
RESPECTIVELY, (NECESSARY IF REFSMMAT IS

COMPUTED OR IF ALIGHMENT OPTION 6 IS

SPECIFIED)

ALIGNMENT OPTION FOR HYBRID MANEUVER

(SET TO 1 ON TAPE,)
BODY ROLL, PITCH, AND YAW ANGLES,
RESPECTIVELY, WHICH CORRESPOND TO THE
ALIGNMENT OPTION (SET TO O, O, 180 ON
TAPE. )

CM BODY ROLL (SET TO 180 ON TAPE.)
HYBRID DEORBIT GUIDANCE OPTION

(SET TO 6 ON TAPE,)
ru OQERUD N w_Tr:_ T
DELTA V OF SM RCS BURN

DELTA T OF COAST BETWEEN SM RCS AND CM

RCS BURNS (SET TO 60 ON TAPE.)

DELTA V OF CM RCS BURN

LIFT VECTOR ORIENTATION (BANK ANGLE}

FLOWN TO A SPECIFIED G-LEVEL (USED ONLY
IF Agll IS SET TO O)
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AgO2

Algq2

Aqll

A29C7

AI172

Aq33

LIFT VECTOR ORIENTATION {BANK ANGLE)

FLOWN FROM A SPECIFIED G-LEVEL (IF

AglI = O| OR FRCM 300K FEET {IF AglL =l|

LONGITUDE OF TARGET

SET TO 0 TO EXECUTE THE COAST TO

X-G'S PHASE.

SET TO SPECIFIED G-LEVEL TO INITIATE THE
ENTRY MODE {NECESSARY GNLY IF A911 IS

SET TO q).

ENTRY LIFT MULTIPLIER TO BE USED FROM A

SPECIFIED G-LEVEL (IF Ag11 = O) OR FROM

303K FEET (IF Agll = I)

SET TO 0 IF FOOTPRINT IS DESIRED.

PHASE 2 - ULLAGE MANEUVER PHASE

PHASE 3 - SPS DEORBIT BURN PHASE

PHASE 4 - COAST TO HYBRID DEORBIT BURN TIME PHASE

PHASE 5 - COAST TO SM RCS BURN PHASE

PHASE 6 - SM RCS BURN PHASE

PHASE ? - NOT EXECUTED

PHASE 8 - COAST BETWEEN SM AND CM BURNS PHASE

PHASE ? - CM RCS BUrN PHASE

PHASE IO- NOT EXECUTED

PHASE 11 - COAST TO 400K PHASE

PHASE 12 - COAST TO 300K PHASE

PHASE 13 - COAST TO X-G'S PHASE

PHASE 14- COAST TO 23.3K PHASE

PHASE 15- MAXIMUM LIFT FOOTPRINT PHASE

PHASE 16- MINIMUM LIFT FOOTPRINT PHASF

B. IF AN ULLAGE OR A PARTIAL SPS DEORBIT BURN IS TO BE

PERFORMED PRIOR TO THE HYBRID DEORBIT, SET IN ADDITION

PHAS_ I - INITIAL CIIAST PHASE

AI018-26 REFSMMAT STORED ROW-WISE [NOT NECESSARY

IF REFSMMAT IS CCMPUTED AT ULLAGE OR

SPS IGNITION)

Ag28-g TERMINATION INDEX AND VALUE,

RESPECTIVELY, OF SPS BURN

Al14B-50 TIME OF ULLAGE MANEUVER (HR, MIN, SEC)

(G.E.T.|

AgO5 SET TO 0 FOR ULLAGE

A9_36 SET TO 0 FOR SPS BURN

PHASE 2 - ULLAGE MANEUVER PHASE

Ai128 FLAG TO COMPUTE REFSMMAT AT ULLAGE

OR SPS IGNITION {SINCE ALREADY SET TO 0

ON TAPE SET TO i CNLY IF REFSMMAT IS

TO BE COMPUTED FOR ULLAGE OR SPS

IGNITION. )
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A1027-29

A225

AII18-20

A930

A648

A649

IMU ROLL, PITCH, AND YAW GIMBAL ANGLES,

RESPECTIVELY, FOR ULLAGE OR SPS

MANEUVER (NECESSARY ENLY IF REFSMMAT

IS COMPUTED AT ULLAGE OR SPS IGNITION)

ATTITUDE OPTICN FOR ULLAGE OR SPS

MANEUVER (SET TO 4 ON TAPE.)

ROLL, PITCH,'AND YAW ATTITUDES FOR

ULLAGE OR SPS MANEUVER

GUIDANCE OPTION FOR ULLAGE OR SPS

MANEUVER [SET TO 4 ON TAPE.)

ULLAGE TERMINATIEN INDEX (SET TO

123 ON TAPE.)
ULLAGE TERMINATION VALUE (SET TO

15 ON TAPE.)

PHASE 4 - COAST TO HYBRID DEORBIT BURN TIME PHASE

Agl2
AIO 18-2&

A1148-50

SET TO O IF REFSMMAT INPUT
REFSMMAT STORED ROW-WISE (NOT NECESSARY

ONLY IF PLATFORM ALIGNMENT HAS BEEN
PERFORMED AFTER ULLAGE OR SPS MANEUVER)

TIME OF SM RCS BURN (HR, MIN, SEC)

(G.E.T.|

IF NO ULLAGE OR SPS, PUT ALL UPDATES IN FIRST PHASE.
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2.4.6 CONTINGENCYLANDING AREA (CLA) PROCESSCR WITH VENTING.-

THIS PROCESSOR WILL BE USED TO SIMULATE S-IVB VENTING

IN CRDER TO GENERATE AN IU NAVIGATION UPDATE, SEPARATION, AND A

CLA DECIRBIT.
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CONTINGENCY LANDING AREA PROCESSOR WITH VENTING

(FILE 10 UNIVAC IXC8)

A. STANDARD GEMMV INPUT QUANTITIES FOR NAVIGATION UPDATE DECK
ARE L ISTED BELOW

PHASF -I - S-IVB VENTING COAST PHASE I

A4871-3

A368
A93-5

AI138-40

A240-2

A248-50

A280

VECTOR IDENTIFICATICN

REVOLUTION NUMBER

LIFT-OFF TIME (HR, MIN, SEC)(G.M.T.)

VECTOR TIME (HR, MINt SECI(G.M.T°D

POSITION COORDINATES (ER) (XtY,Z)

VELOCITY COORDINATES (ERIHR) (X,Y,Z)

CURRENT WEIGHT (LB)

AI 148-50

A293

ADDITIONAL t;PDATE S
TIME OF FIXED tIME OR FIXED DELTA T SEP

(HR,MIN,SEC) (G.E.T.)

S-IVB REFERENCE AREA

PHASE 0 - S-IVB VENTING COAST PHASE 2

AIS_ SET TO I TO SKIP THIS PHASE

PHASE i - COAST PHASE AFTER VENTING

INITIALIZATION

AlSO

A905-II

SET TO I TO SKIP THIS PHASE

FLAGS TO SKIP APPROPRIATE PHASES

A916

Agl 7-9

A92 2-3

FIXED TIME MANEUVER

ALIGNMENT OPTION FOR MANEUVER

BODY ROLL, PITCH, AND YAW ANGLES, RESPEC-

TIVELY, WHICH CORRESPOND TO THE ALIGNMENT

OPTION

GUIDANCE OPTICN FOR MANEUVER

TERMINATION INDEX AND VALUE, RESPECTIVELYt

OF RC S BURN

TERMINATION INDEX AND VALUE, RESPECTIVELYt

OF SPS BURN

Aql6

A917-9

A931

FIXED DELTA T MANEUVER

ALIGNMENT OPTION FOR MANEUVER

BODY ROLLt PITCH, AND YAW ANGLES,

RESPECTIVELY, WHICH CORRESPOND TO THE

ALIGNMENT OPTION

GUIDANCE OPTION FOR MANEUVER
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AII4B-50

A913-5

A932
A94 1-2

Aq_?.8-9

AqOl

A902

.A1902

Aql I

A29C7

AI172

TERMINATION INDEX AND VALUE, RESPECTIVELY,

OF RCS BURN

TERMINATION INDEX AND VALUE, RESPECTIVELY,

OF SP S BURN

DEORBIT MANEUVER

TIME OF RCS IGNITION (HR, MIN, SEC)

(G.E.T.) IF A FIXED TIME MANEUVER HAS

BEEN PERFORMED, SET A[148-50 IN PHASE 4

INSTEAD OF PHASE I. (NOT REQUIRED IF

FIXED DELTA T SEP IS PERFORMED)

REFSMMAT STORED ROW-WISE (NOT NECESSARY

IF REFSMMAT IS CCMPUTED AT IGNITION)

FLAG TO COMPUTE REFSMMAT AT DEORBIT

IGNITION (SINCE ALREADY SET TO I ON TAPE

SET TO 0 ONLY IF REFSMMAT IS INPUT.)

IMU ROLL, PITCH, AND YAW GIMBAL ANGLES,

RESPECTIVELY (NECESSARY IF REFSMMAT IS

COMPUTED OR IF ALI,GNMENT OPTION 6 IS
SPECIFIED)

ALIGNMENT OPTION

BODY ROLL, PITCH, AND YAW, RESPECTIVELY,

WHICH CORRESPOND TO ALIGNMENT OPTION

GUIDANCE OPTION

TERMINATION INDEX AND VALUE, RESPECTIVE-

LY, OF RCS BLIRN

TERMINATION INDEX AND VALUE, RESPECTIVE-

LY, OF SPS DEORBIT BURN

ENTRY

LIFT VECTOR ORIENTATION (BANK ANGLE)

FLOWN TO A SPECIFIED G-LEVEL (USED ONLY

IF A911 IS SET TO O)

LIFT VECTOR ORIENTATION (BANK ANGLE)
FLOWN FROM A SPECIFIED G-LEVEL (IF AOII=

O) OR FROM 300K FEET (IF A911=II

LONGITUDE OF TARGET

SET TO 0 TO EXECUTE THE COAST TO X-G'S

PHASE.
SET TO SPECIFIED G-LEVEL TO INITIATE THE

ENTRY MODE (NECESSARY CNLY IF AgLI IS

SET TO 01.

ENTRY LIFT MULTIPLIER TO BE USED FROM A

SPECIFIED G-LEVEL {IF Agll=O) OR FROM

300K FEET {IF AglI=I)

ENTRY WEIGHT (LB)

SET TO 0 IF FOOTPRINT IS DESIRED.
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PHASE 2 - FIXED TIME RCS SEPARATIC, N

A280

A293

SEPARATION WEIGHT (IF FIXED TIME SEP

IS EXECUTED)
CSM REFERENCE AREA (IF FIXED TIME SEP

IS EXECUTED)

PHASE 3 - FIXED TIME SPS SEPARATIOI_
PHASE 4 - COAST AFTER FIXED TIME SEPARATICN

PHASE 5 - COAST TO DEORBIT BURN

PHASE 6 - RCS SEPARATION AT FIXED TIME PRIOR TO DEORBIT

A280

A293

Aq.7

SEPARATION WEIGHT (IF FIXED DELTA T SEP

IS EXECUTED)

CSM REFERENCE AREA (IF FIXED DELTA T SEP

IS EXECUTED)

NUMBER OF SECONDS AFTER THE FIXED DELTA

T MANEUVER INITIATION THAT PHASE 6 IS TO

TERMINATE (SET.TO A LARGE NUMBER IF A

TERMINATION IS INPUT FOR PHASE 6)

PHASE 7 - SPS SEPARATION AT FIXED TIME PRIOR TO DEORBIT
PHASE 8 - COAST FROM SEPARATION TO DEORBIT

PHASE 9 - RCS ULLAGE PRIOR TO DEORBIT BURN
PHASF I0 - SPS DEORBIT BURN

PHASF 11 - COAST TO 433K FEET

PHASE I2 - COAST TO 300K FEET
PHASE I3 - COAST TO X-G POINT

PHASE t4 - COAST TO 23,3K FEET

PHASE 15 - MAXIMUM LIFT FOOTPRINT EXECIJTICN

PHASE 16 - MINIMUM LIFT FOOTPRINT EXECUTION

B, AI]DITIONAL GEMMV INPUT QUANTITIES FOR IU NAVIGATION UPDATE

DATA ARE LISTED BELOW'

PHASE WHERE IU NAVIGATION UPDATE IS DESIRED'

A152

A153

A309

SET TO I TO CALL IU NAVIGATION UPDATE AT

END OF PHASE OR -I AT BEGINNING OF PHASE

SET TO GMTLIO -GMIIUGRR (SEC),

LAUNCH AZIMUTH

CQ IF P-40 DELTA V'S OR P-30 DELTA V'S AND DELTA V

RESIDUALS IN THE RCS CONTROL AXIS AR_ TO BE INPUT, SET

IN ADDITION THE FOLLOWING INDICES,

PHASF I - INITIAL COAST PHASE
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DO

E,

A92 5 ROLL ANGLE AT IGNITICN ILVLH)

PHASE 9 - ULLAGE PRIOR TO DEORBIT BURN

A996-8

A999-I001

AgBT-9

RESIDUAL DELTA VX, DELTA VY, DELTA VZ

INPUT, RESPECTIVELY

P-40 DELTA VX,,DELTA VY, DELTA VZ INPUT,

RESPECTIVELY

P-30 DELTA VX, DELTA VY, DELTA VZ INPUT,

RESPECTIVELY

IF IT IS DESIRED TO ITERATE ON DELTA V WHILE HOLDING TIME

OF IGNITION FIXED, SET IN ADDITICN THE FOLLOWING INDICES.

PHASF I - INITIAL COAST PHASE

AI901

A147

A148-9

SET TO 0 TO CALL SPECIAL ITERATION IN

PIT MODE.

SET TO 6 TO START ITERATIVE LOOP AT
BEGINNING OF SPS DEORBIT PHASE.

TARGET INDEX AND VALUE, RESPECTIVELY,

FOR PIT MODE

IF IT IS DESIRED TO COMPUTE A REFSMMAT AT SOME TIME

OTHER THAN DEORBIT IGNITION, SET IN ADDITION THE

FOLLOWING INDEX.

PHASE - WHERE REFSMMAT IS DESIRED

AI128 SET TO I TO COMPUTE REFSMMAT AT

BEGINNING OF THE PHASE.
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2.4.7 FDO ORBIT DIGITALS PROCESSOR. -THIS PROCESSOR

WILL BE USED TO DISPLAY, FOR ANY THRESHOLD TIME, THE ORBITAL

PARAMETERS CORRESPONDING TO THE THRESHOLD TIME AS WELL AS
THE ASSOCIATED APOGEE AND PERIGEE PARAMETERS. THE OUTPUT

WILL RE IN THE FORMAT OF THE RTCC FDO ORBIT DIGITALS DISPLAY.

FI P'I ITI FI

_COAS.ICOAS'TOAO0_'ZCOAST'OAPOO"IC_LL'_O"__OR PERIGEE OR PERIGEE DIGITALS
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FDO ORBIT DIGITALS PROCESSOR

{SPECIAL FDOORBIT DIGITALS DECKFILE 4 UNIVAC 1108)

STANCARDGEMMVINPUT QUANTITIES FOR THIS PROCESSOR ARE
LISTED BELOW

PHASE I - INITIAL COAST PHASE

A4871-3

A36B

aq3-5

AI I 38-40

A240-2

A248-50

A280

INITIALIZATION

VECTOR IDENTIFICATICk

REVOLUTION NUMBER

LIFT-OFF TIME (HR, MIN, SECI (G,M,T,I

VECTOR TIME {HR, MINt SEC) (G,M,T.)

POSITION COORDINATES (ER| (X,Y,Z,)

VELOCITY COORDINATES (ERIHR) {XtYtZ)
CURRENT WEIGHT {LB)

ADDITIONAl" UPDATES

SET TO I ONLY IF THE ORBIT DIGITALS

ARE TO BE BASED CN THE PRESENT VECTOR.

SET TO THE PROPER TERMINATION INDEX

AND VALUE, RESPECTIVELY, IF THE ORBIT
DIGITALS ARE NOT TO BE BASED ON THE

INPUT VECTOR,

PHASF 2 - COAST TO APOGEE OR PERIGEE

A86_

A648-9=

SET TO I TO SAVE VECTCR AT BEGINNING OF

PHASE FOR FDO ORBIT DIGITALS SUMMARY

SHEET.
TERMINATION INDEX AND VALUE,

RESPECTIVELY {NORMALLY THE INDEX WILL BE

315, FLIGHT-PATH ANGLE AND THE VALUE

WILL BE 0. I

PHASE 3 - COAST TO APOGEE OR PERIGEE

PHASE 4 - SHORT DURATION COAST

A648-g_

A142t

TERMINATION INDEX AND VALUE,

RESPECTIVELY (NORMALLY THE INDEX WILL BE

123 PHASE TIME AND THE VALUE WILL BE lO,!

SET TO I TO CALL FDO ORBIT DIGITALS

SUMMARY SHEET.

PHASE _ - RUN TERMINATION

AI 3q* SET TO 1 TO TERMINATE RUN,

W_TI-ESE A-ARRAYS HAVE ALREADY BEEN SET TO THE CORRECT VALUE

IN THE SPECIAL FDO ORBIT DIGITALS ON-LINE DECK,
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2,4.8 RELATIVE MOTION PROCESSOR, - THIS PROCESSOR WILL BE

USED TO COMPUTE THE RELATIVE MOTION OF TWO VEHICLES AND OUTPUT

TI-E MOTION DIGITALS DISPLAY.
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RELATIVE MOTICN PROCESSCR

(FILE 4 UNIVAC II08)

STANDARD GEMMV INPUT OUANTITIES FOR THE RELATIVE MOTION
PROCESSOR ARE LISTED BELOW'

PHASE I - INITIAL COAST PHASE

A48 71-3

A368
A93-5

All 38-40

A240-2

A248-50

A280

A293

AI018-26

REFERENCE VEHICLE INITIALIZATION
VECTOR IDENTIFICATICN
REVOLUTION NUMBER

LIFT-OFF TIME (HR, MIN, SEE| (G.M.T.)
VECTOR TIME (HR, MIN, SEC) (G.M.T.|

POSITION COORDINATES (ER) IX, Y, Z)

VELOCITY COORDINATES (ERIHR) (X, Y, Z)

CURRENT WEIGHT,(LB)
CROSS SECTIONAL AREA OF THE REFERENCE
VEHICLE

REFSMMAT STORED ROW-WISE

A1358

A2138-40

A1240-2
A1248-50

A1280

A1293

RELATIVE VEHICLE INITIALIZATICN
REVOLUTICN NUMBER

VECTOR TIME (HR, MIN, SEC) (G.M.T.I

POSITION COORDINATES (ER) (X, Y, ZJ
VELOCITY COORDINATES (ERIHR) (X, Y, Z)
CURRENT WEIGHT (LB)

CROSS SECTIONAL AREA OF THE RELATIVE
VEHICLE

A96

All7

All4

AIII

AI20

A42_4

ADDITIONAL UPDATES

SET TO I IF THE RELATIVE VEHICLE VECTOR

TIME IS PRIOR TO THE TIME RELATIVE MO-
TION DATA IS DESIRED.

SET TO 2 (HIGHEST VEHICLE CAPABILITY
BEING USED D.

SET TO 2 (FLAG TO CALL THE WRITE 2 -

RELATIVE MOTION St_BROUTINEI.

SET TO 0 TO SPECIFY CONSTANT INTEGRATION
STEP SIZE.

SET TO DESIRED INTEGRATIEN STEP SiZE iN

SECONDS (NORMALLY SET TO i IN THRUSTING

PHASES AND 20 IN COASTING PHASES|.

SET TO N.(OUTPUT WILL BE EVERY N INTEGRA-

TION STEPS THIS VARIABLE SHOULD BE AD-

JUSTED WITH AT20 TO ACHIEVE SOME SPEC-

IFIED CONSTANT OUTPUT INTERVAL THROUGH-

OUT THE EXECUTID_ OF THE PROCESSOR,|
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PHASF WHERE RELATIVE MOTION OUTPUT IS NOT DESIRED I

A42C4 SET TO O.(THIS MAY BE RESET TO N IN ANY
PHASE WHERE RELATIVE MOTION OUTPUT IS

AGAIN DESIRED,)
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2,4.9 GROUNDTRACK, C_C OR IU NAVIGATICN UPDATE, AND PAD DATA

CAPABILITIES,- IF IT IS DESIRED TO PRODLCE A GRCUND TRACK, A

NAVIGATION UPDATE, OR PAO DATA WITH ANY OF THE GEMMV PROCESSORS
PREVIOUSLY DESCRIBED, THE FOLLOWING ADDITIONAL CN-LINE INPUTS

WILL BE REQIIIRED,

A. ADDITIONAL GEMMV INPUT QUANTITIES FOR GROUND TRACK DATA

ARE LISTED BELOW'

PHASES WHERE GROUND TRACK IS TO BEGIN'

All4

Alll
AI20

A4213

A4201

SET TO 5 TO CALL WRITE 5 (GROUND TRACK

SUBROUTINE),

SET TG 0 TO SPECIFY CONSTANT INTEGRATION,

SET TO DESIRED INTEGRATICN STEP SIZE IN

SECONDS, (NORMALLY SET TO 20 SECONDS IN

COASTING PHASES AND TO I IN THRUSTING

PHASES.)

SET TC N. fOUTPUT WILL BE EVERY N INTEGRA-
TION STEPS THIS VARIABLE WILL BE ADJUSTED

WITH A120 TO ACHIEVE SOME SPECIFIED CON-

STANT OUTPUT FREQUENCY THROUGHOUT PRO-

CESSOR EXECUTION, I

SET TO 0 TO SUPPRESS WRITE I OUTPUT,

PHASES WHERE GROUND TRACK IS NOT DESIRED'

A4213

A420I

SET TO O,(THIS MAY BE RESET TO N IN ANY

PHASE WHERE GROUND TRACK IS AGAIN DE-
SIRED,)

SET TO lOOO00 TO ACTIVATE WRITE I.

B, ADDITIONAL GEMMV INPUT QUANTITY FCR CMC NAVIGATION UPDATE

DATA IS LISTED BELOW'

PHASE WHERE CMC NAVIGATION UPDATE IS DESIRED'

A4 2 70 SET TO 1 TO CALL NAVIGATION UPDATE AT END

OF A PHASE,

C, ADDITIONAL GEMMV INPUT QUANTITIES FOR ItJ NAVIGATION UPDATE

DATA ARE LISTED BELOW'

PHASF WHERE IU NAVIGATION UPDATE IS DESIRED'

A152

A153
A3Og

SET TO 1 TO CALL IU NAVIGATICN UPDATE AT

END OF PHASE OR -l AT BEGINNING OF PHASE

SET TO GMTLIO -GMTIUGRR (SEC),

LAUNCH AZIMUTH

Z -40



D, ADDITIONAL GEMMVINPUT QUANTITIES FOR PAO DATA ARE LISTED

BELOW' PHASE WHERE PAO DATA IS DESIRED

SET TO I TO CALL PAO SUMMARY SHEET AT END

qF PHASE.
PAO HEADER |STARTING IN COLUMN 8, SET TO

BCD AND SET COLUMN 12 TO AN 8)

BOTH VEHICLES MUST HAVE SAME STOPS IN FIRST PHASE
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3, OPFRATING INSTRUCTIONS FOR THE GEMMV POST PROCESSORS

3.1 C_ENFRAL

A G_F.MMV POST PROCESSOR IS A PROGRAM THAT IS AUTOMATICALLY EXE-
C_ITED AFTER THE GEMMV TRAJECTORY PROGRAM HAS GENERATED AND

STORED THE NECESSARY INPUT DATA ON A TAPE. THERE ARE PRESENTLY

FIVE POST PROCESSORS THE GUIDANCE OPTICAL SIGHTING TABLE (GOST),
RADIATI(_N, APOLLO REENTRY SIMULATION (ARSI, EXTERNAL DELTA V AND

STAR SIGHTING TABLE (SST).

3.3 THE GEMMV POST PROCESSORS

THIS SECTION PRESENTS A BRIEF DESCRIPTICN OF THE GEMMV POST

PROCESSORS ALONG WITH A LISTING OF THE CONTROL CARDS AND THE

CN-LINE INPUT REQUIRED TO OPERATE EACH. PROCESSOR.
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3.2•I GOST PROCESSOR• - THIS PROCESSOR WILL PRIMARILY BE USED

TO VERIFY THE CM IMU STABLE MEMBER ALIGkMENT MADE BY USING THE

CNROARD CIPTICAL SIGHTING EQUIPMENT CONSISTIkG OF A SCANNING

TELESCOPE, A SEXTANT, AND A BORESIGHT• BY LSING A CATALOG OF

_TAR AND EARTH FIXED LANDMARK LOCATIONS, THIS PBFICESSOR WILL

CALCIILATE IMU GIMBAL ANGLES, REFSMMATS, AND THE SHAFT AND

TRHNNION ANGLES OF THE OPTICAL EQUIPMENT. THE pROCESSOR HAS

SEVERAL OPTIONS WHICH MAY BE USED TO DETERMINE THE POSITION OP

STARS ON THE INSTRUMENT RETICLES, TO DETERMINE THE NECESSARY
SPACECRAFT ATTITUDE FOR VIEWING A GROUND TARGET, TO DETERMINE

REFSMMAT, AND TO DETERMINE IMU GIMBAL ANGLES•

ALTHrIUGH THE GOST PROCESSOR CAN BE RLN WITH ANY GEMMV PROCES-

SOR, A SPECIAL DECK HAS BEEN SET UP USING FILE 4 OF THE MISSION

_ATA TAPE•

THE UNIVAC I108 _ATA PROCESSING SYSTEM CCNTRCL CARDS ARE

LISTED BELOW e

CCILIJMN I 4, 8
* MSG

ASG A = XXXX

ASG B = XXXX

ASG F = XXXX

ASG G,N,V

XOT CUR

TRW A,B,F,G,N,V

IN A

N XQT GEMMV

FILE

XQT CUR

ERS

IN A

XOT DGOST

FILE
FOF

CCMM'_NTS

GE MMV PROGRAM (PCF I TAPE

NUMBER

MISSICN TABLE TAPE NUMBER

MISSICN OATA TAPE NUMBER

SCRATCH UNITS ON FASTRAND

EXECUTE THE FOLLOWING

INSTRUCTI CNS

REWIND UNITS A,B,F,G,N,V

INPUT THE ENTIRE USER PCF

FROM UNIT A

SOURCE LAhGUAGE CORREC

TIONS

(PATCHESI

EXECUTE GEMMV PROGRAM

GEMMV UPDATES

LAST GEMMV DATA CARD

EXECUTE THE FOLLOWING

II_STRUCTICNS

ERASE LAST PROGRAM FROM

MEMORY

INPUT THE ENTIRE USER PCF

FROM UNI1 A

EXECUTE GCST PROGRAM

GOST DATA CARDS

LAST GOST DATA CARD

END OF FILE

*INDICATES TI8 OVERPUNCH IN COLUMN I
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GgST PROCESSOR

(SPECIAL GO}ST DECK FILE 4 UNIVAC 1108)

A. THF INPUT QUANTITIES FOR THE GEMMV PART CF THE PROCESSOR ARE

THE SAME FOR ALL G{}ST OPTIONS (WITH TWO EXCEPTTgNS WHICH ARE

INDICATED). THE STANDARD INPUT QUANTITIES ARE LISTED BELOW I

PHASE 1 - COAST

A48 71-3

A368

A93-5

A113B-40

A24C-2

A248-SG

A280

AI148-50

AlO27-9

AlOIB-26

A225_

A79_
aBO_

VECTOR IDENT[F ICATICI_

REVOLUTION NUMBER

LIFT-OFF TIME (HR, MIN, SEC)(G.M,T.)

VECTOR TIME (HR, MIN, SEC)(G.M.T.)

POSITION COORDINATES (ER)(X, Y, Z)

VELOCITY COORDINATES (ERIHR)(X, Y, Z)

CURRENT wEIGHT (LB)

TIME OF G(]ST CQMPUTATIO_ (HR, MIN, SEC}

(G.E.T.I

IMU ROLL, PITCH, YAW GIMBAL ANGLES,

RESPECTIVELY (NOT NECESSARY FOR GOST

OPTION 4 OR 14 AND 5 OR 15)

REFSMMAT STORED ROW-WISE {NOT NECESSARY

FOR GOST OPTION I OR II)

SET TO 6 TO OBTAIN CORRECT ATTITUTDE

OPTION.

SET TO 2 TO WRITE 2CO WORD-RECORD.

SET TO 2 TO CALL IN GOST PROGRAM FROM PCF

TAPE.

_'THESE A-ARRAYS HAVE ALREADY BEEN SET TO THE CORRECT VALUE IN

THE SPECIAL GOST ON-LINE DECK.

B. THE OPTIONS OF THE GOST PART OF THE PROCESSOR AS WELL AS THE

CARD FORMATS ARE LISTED BELOW. OPTION 1 OR 11 REQUIRES TWO

INPUT CARDS WHILE OPTION 5 OR 15 REQUIRES FOUR INPUT CARDS.

THE REMAINING OPTIONS EACH REQUIRE CNLY CNE CARD. ALL DATA

PUNCHED IN COLUMNS IO THROUGH ?0 MUST HAVE DECIMAL POINTS.

THE GOST INPUT CARDS ARE PLACED IN THE SPECIAL GOST ON-LINE

DECK JUST AFTER THE 'XQT DGOST' CARD.
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OPTION I OR II

INPUT °

COMPUTE '

nPTION 2 OR 12

INPUT °

COM PUT E '

OPTION 3 OR 13

INPUT °

COMPUTE'

(]PTION 4 OR 14

INPUT'

COMPUTE'

OPTION 5 OR 15

INPUT'

COMPUTE'

THE IDENTIFICATICN OF TWC STARS AND THE

SEXTSNT SHAFT AND TRUNNICN _NGLES FOR

EACH STAR

REFSMMAT

NO INPUTS ARE NEEDED FCR OPTION 2 OR 12.

THE LOCATION OF TWG STARS WHICH ARE IN

THE SCANNING TELESCOPE FIELD OF VIEW AT

A SPECIFIED SPACECRAFT ATTITUDE AND IMU

ALIGNMENT, THE TWO STARS MUST SATISFY

THE CONDITION THAT CNE ST_R LIES ON THE

R-LINE AND THE OTHER STAR LIES AS CLOSE

AS POSSIBLE TO THE _-LINE OF THE

TELESCGPE RECTICLE PATTERN,

THE IDENTIFICATICN OF TWO STARS

THE SEXTANT SHAFT AND TRUNNION ANGLES

FOR EACH OF THE INPUT STARS

THE SPACECRAFT LVLH ROLL AND YAW ANGLES

PLUS THE SPACECRAFT PITCH ANGLE TO THE

HORIZON

GIMBAL ANGLES AND LVLH PITCH ANGLE

THIS OPTION IS THE SAME AS OPTICN I OR

II EXCEPT THE IMU GIMBAL ANGLES ARE INPUT

IN THE GOST RATHER THAN THE GEMMV

PROGRAM .

REFSMMAT
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INPUT FORMAT

OPTION

NUMBER

I CR II

2 OR 12

OR 13

4 OR 14

5 _.R 15

CC.LUMNS

I - 2 10 - 25 30 - 45 50 - 65

II STAR NO, I SHAFT NC, I TRUNNION NO ,I

II STAR NO, 2 SHAFT NO, _._ TRUNNION NO, 2

12 • • w_

13 STAR NO, I ST_R NO. 2

14 LVLH ROLL _'_ LVLH YAW

15 STAR NO. I SHAFT NO. I TRUNNION NO, 1

15 STAR NO. 2 SHAFT N_, 2 TRUNNION NO, 2

15

15

ROLL GA NO. I PITCH GA NO. I YAW GA NO. I

ROLL GA NO. 2 PITCH GA NO. 2 YAW GA NO. 2

_,NI]RMALLY THESE COLUMNS SHOULD BE BLANK. IF NON-BLANK, COLUMNS

10-25 SHOULD CONTAIN THE ROLL GIMBAL ANGLEr C(]LUMNS 30-45 SHOULD

CONTAIN THE PITCH GIMBAL ANGLE, AND COLUMNS 50-65 SHOULD CONTAIN

THE YAW GIMBAL ANGLE, IF ANY OF THESE ANGLES ARE ZERO_ THEY

MUST BE PUNCMED .00001.

'_w'NORMALLY A BLANK OR O. EITHER IS RECOGNIZED BY THE PROGRAM AS

A 31.T-DEGREE PITCH BETWEEN THE X-BODY AXIS AND LINE OF SIGHT

TG THE HORIZON. OTI-ERWISE, THE PITCH ANGLE (IF OTHER THAN 31.7

OEG! SHOULD BE INPUT.
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3•2•2 RA[]IATION PROCESSOR• - THIS PROCESSOR WILL BE USED TO
DETERMINE GEOMAGNETIC PARAMETERS AND THE RADIATICN DOSE RATES

IN THE COMMAND MODULE AT GIVEN INTERVALS ALCNG A TRAJECTORY•

IT WILL ALSN BE USED TO CALCULATE REM DOSE IN THE COMMAND MODULE

(3VER A PARTICULAR PORTI3N OF THE APOLLO 9 MISSICN.

THE UNIVAC 1108 DATA PROCESSING SYSTEM CCNTBCL CARDS ARE

LIST_ BELOW

COLUMN I 4 8
* MSG

ASG A=XXXX

ASG B=XXXX

ASG F=XXXX

ASG GtH,N,V

XOT CUR

TRW A,B,G,N,V,E_H

IN A

N XOT GEMMV

FILE

XOT CUR

ERS

IN A

N XOT DECKI

FILE

EI7F

CCMMENTS

GEI_MV PROGRAM (PCFI TAPE

NUMBER

MISSICN TABLE TAPE NUMBER

MISSION DATA TAPE NUMBER

SCRATCH UNITS ON FASTRAN

EXECUTE THI: FOLLOWING

II_STRUCTI CNS

REWIND AtBtG,N,VtF_ AND
H UKIIIS.

I_PUT THE ENTIRE USER PCF

FROM UNIT A

SOURCE LANGUAGE CORRECTIONS

START EXECUTION OF THE

GEMMV PROGRAM•

GEMMV DATA CARDS

LAST GEMMV DATA CARD

EXECUTE THE FOLLOWING

II_STRUCTICNS

ERASE LAST PROGRAM FROM

MEMORY•

INPUT THE ENTIRE USER PCF

FROM UNIT

START EXECUTION OF RADIA-

TICN PROCESSOR•

LAST RADIATION DATA CARD

END OF FILE CARD

*INDICATES ?IB OVERPUNCH IN COLUMN !
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RACIATION PROCESSOR

(ALL C,EMMV FILES UNIVAC 11C8!

ADDITIONAL GEMMV INPUT QUANTITIES FOR THE RADIATION

PROCESSOR ARE LISTED BELOW

PHASE WHERE FIRST RADIATION OUTPUT IS DESIRED'

A114

A80

AIII

A12f)

A42C7

SET TO 3 TO CALL WRITE 3 (RADIATION
EPHEMERIS) SUBROUTINE,

SET TO 3 TO CALL RADIATIEN PROCESSOR
FROM PCF TAPE,

SET TO 0 TO SPECIFY CONSTANT INTEGRATION
INTERVAL,

SET TO DESIRED INTEGRATICN STEP SIZE

(SECI,
SET TO N IOUTP.UT WILL BE EVERY N
INTEGRATION STEPSI,

PHASE WHERE LAST RADIATION OUTPUT IS DESIRED

A42C? SET TO O,
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3.2.3 ARS PROCESSOR. - THE APOLLO REENTRY SIMULATION

PROCESSOR WILL BE USED TO ACCEPT A STATE VECTOR AT 425,009 FEET

AND COMPUTE THE NECESSARY GUIDED ENTRY PROFILE T.] HIT A TARGET

LATITHr_E ANn LONGITUDE. THE STATE VECTOR IS GENERATED BY ONE

OF THE GEMMV DEORBIT PROCESSORS AND IS WRITTEN INTO A 200-WORD

RECORD WHICH INTERFACES WITH THE ARS PRCCESSOR. C_PTIONS EXIST

WITHIN THE PROCESSOR TO USE CNE OF SIX DIFFEREI_T ENTRY MODES

WHICH ARE DESCRIBED BELOW.

MODE I - AUTOMATIC GUIDANCE AND NAVIGATICN CONTROL

IN THIS STEERING MODE, THE ARS PROCESSOR USES THE CMC ENTRY

LOGIC TO COMPUTE THE ENTRY STEERING COMMANDS AND TO SIMULATE THE

ENTRY TRAJECTORY REQUIRED TO ACHIEVE THE TARGET LANDING POINT.

MODE 2 - OPEN LOOP FOLLOWED BY GUIDANCE AND NAVIGATION CCNTROL

IN THIS ENTRY MODE, AN INITIAL BANK ANGLE IS MAINTAINED

FRC.M 400,O_C FEET TO A SPECIFIED G-LEVEL, AT WHICH TIME THE CM

IS ROLLED TO A SECOND BANK ANGLE, DESIGNATED AS THE BACKUP BANK

ANGLE. THIS ATTITUDE IS MAINTAINED UNTIL THE SECOND G-LEVEL IS

REACHtD. FROM THIS TIME UNTIL DROGUE CHUTE DEPLOYMENT, THE ARS

PROCESSOR USES THE GUIDANCE AND NAVIGATION CONTROL LOGIC TO

CCMPUTE THE STEERING COMMANDS NECESSARY TO ACHIEVE THE TARGET

LANDING POINT. THIS STEERING MODE REQUIRES THE INPUT OF AN

INITIAL AND BACKUP BANK ANGLE AND TWO G-LEVELS.

MODE 3 - BANK/REVERSE-BANK

IN THIS ENTRY MODE, WHICH IS LSED TO CCMPUTE 8ACKUP GUIDANCE

QUANTITIES, AN INITIAL BANK ANGLE IS MAINTAINED FROM 400tO00

FEET TO A SPECIFIED G-LEVEL. IT IS THEN FOLLOWED BY A BACKUP

BANK ANGLE TO A COMPUTED TIME TO REVERSE BANK, AND THE REVERSE
BANK ANGLE IS FLOWN TO DROGUE CHUTE DEPLOYMENT. IN THIS STEER-

ING MODE, THE INITIAL BANK ANGLE AND G-LEVEL ARE INPUT, AND THE

BACKUP BANK ANGLE AND TIME TO REVERSE BANK ARE COMPUTED BY THE

ARS PR{ICESSOR,

MODE _ - COMBINED BANK/REVERSE-BANK AND GUIDANCE AND NAVIGATION

CCNTROL

THIS ENTRY M{IDE IS THE SAME AS THAT DESCRIBED IS THE SECOND

STEERING MODE WITH THE EXCEPTION THAT THE PRrICESSOR COMPUTES

THE BACKUP RANK ANGLE, THE INPUTS CONSIST OF THE INITIAL BANK

ANGLE AND THE TWO G-LEVELS.

MCOE 5 - ROLLING

IN THIS ENTRY, AN INITIAL BANK ANGLE IS MAINTAINED FROM

400,0C0 FEET TO A SPECIFIED G-LEVEL FOLLOWED BY A CONSTANT

ROLL RATE TO DROGUE CHUTE DEPLOYMENTC THIS MCDE REQUIRES THE

INPUT OF THF INITIAL BANK ANGLE, G-LEVEL, AND RCLL RATE.
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MODE 6 - OPEN LOOP

THIS ENTRY CAN EITHER BE A BANK/REVERSE-BANK AS DESCRIBED IN

THE THIRD STEERING MODE OR A CONSTAN T BANK-ANGLE ENTRY FROM 4DO,

OO0 FEET TO DROGUE CHUTE DEPLOYMENT, THE BANK/REVERSE-BANK OP-

TION NF THIS STEERING MODE REQUIRES THE INPUT OF THE INITIAL

AND BACKUP 8ANK ANGLES, THE G-LEVELo AND THE TIME TO REVERSE

BANK, A CONSTANT BANK ANGLE ENTRY CAN BE SPECIFIED BY INPUTTING

THE VALUE OF THE BANK ANGLE TO BE USED AS THE INITIAL BANK AN-

GL5 AND INPUTTING THE G-LEVEL AND TIME TO REVERSE BANK AS LARGE

VALUES,
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TI-E UNIVAC I[OB DATA PROCESSING SYSTEM CONTROL CARDS ARE LIST-

EC BELOW e

C_LUMM I

FILF

4 8

MSG

ASG A=XXXX

ASG B=XXXX

ASG F=XXXX

ASG GtN,VtK

XOT CUR

TRW A,BtGtNtVtFtK

IN A

Q

XOT GEMMV

XOT CUR

ERS

IN A

.N XOT COLSUSIXXX

IDFILE = 7

ENDC AS

EOF

CCMMENTS

GEMMV PROGRAM (PCF) TAPE

NUMBER

MISSICN TABLE TAPE NUMBER

MISSICN DATA TAPE NUMBER

SCRATCH UhITS ON FASTRAND

EXECUTE THE FOLLOWING

INSTRtJCTICNS

REWIND A_B,GtNtV_ AND F

K UNI IS

INPUT THE ENTIRE USER PCF

FROM UNIT A

SOURCE LAK_UAGE CORRECT-

ICNS

(PATCHES)

START EXECUTION OF THE

GEMMV PROGRAM.

GEMMV DATA CARDS

LAST GEMMV DATA CARD

EXECUTE THE FOLLOWING

INSTRUCTICNS

ERASE LAST PROGRAM FROM

MEMORY•

INPUT THE ENTIRE USER PCF
FROM UNIT A
EXECUTE ARS PROGRAM (SCS

FCR BACKUP MODES AND DAP

FOR G AND N ENTRIES

LAST ARS INPUT CARD

END OF FILE CARD

*INDICATES 718 OVERPUNCH IN COLUMN I
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ARS PROCESSOR

(FILES It 2, AND 8 UNIVAC IICOI

ADDITIONAL GEMMV INPUT QUANTITIES FOR THE ARS PROCESSOR

ARE LISTED BELOW'

PHASE I

A83

A2918

A2914

A2gI5

AIq29

SET TO I TO CALL ARS PRCCESSOR.

SET TO I FOR AUTCMATIC GUIDANCE AND

NAVIGATION ENTRY MODE.

SET TO 2 FOR OPEN LOOP GUIDANCE AND

NAVIGATION ENTRY MODE.

SET TO 3 FOR BAEKIREVERSE-BANK ENTRY

MODE.

SET TO 4 FOR CCMBINED BLANK/REVERSE-

BANK AND GUIDANCE ,AND NAVIGATION ENTRY
MODE,

SET TO 5 FOR ROLLING ENTRY MODE.

SET TO 6 FOR OPEN LOOP CCNSTANT BANK AN-

GLE OR BANK REVERSE ENTRY MODE.

G-LEVEL TO INITIATE BACKUP GUIDANCE MODE

(SET WHEN A2918 EQUALS A 2 OR 4.)

TIME TO REVERSE BA_K IN TOTAL SECONDS

IG.E.T.)

(SET WHEN A291B EQUALS 6.)

DIRECTION TO BEGIN BANK

=0 SOUTH THEN NORTH

=I NORTH THEN SOUTH

COAST TO 490K PHASE

A79

A64q

SET TO 2 TO WRITE 2CO-WORD RECORD AT END

OF PHASE.

SET TO 425,0CC.(TERMINATE ON AN ALTITUDE

OF 425.000 FT)
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3.2.4 EXTERNAL DELTA V AND REFSMMAT UPDATE PROCESSOR, -

THIS PROCESSOR WILL BE USED TO CONVERT THE REFSMMAT AND EXTERN-

AL DELTA V QUANTITIES CALCULATED BY THE GE_MV PROGRAM TO THE

CMC UPLINK FORMAT.

TIfF UNIVAC ILC8 DATA PROCSSSING SYSTEM CCNTROL CARDS ARE LIST-

EC BELOW I

COLUMN I 4 B

MSG
ASG A = XXXX

ASG B = XXXX

ASG F = XXXX

ASG GtN,V

XQT CUR

TRW AtBtF,GtN,V

IN A

e

N XOT GEMMV

FILE

XQT CUR

ERS

IN A

N X0T DSKYUP
FILE

EOF

CCMMENTS

GEMMV PROGRAM (PCF| TAPE

NUMBER

MISSICN TABLE TAPE NUMBER

MISSICN DATA TAPE NUMBER

SCRATCH UNITS ON FAST-

RAND,

EXECUTE THE FOLLOWING

INSTRUCTI CNS

REWIND UNITS A_B,FtG,N_

AND V,

INPUT THE ENTIRE USER PCF
FROM UNI T A

SCURCE LANGUAGE CORRECT-

ICNS

(PATCHES )

EXECUTE GEMMV PROGRAM.

GEMMV UPDATES

LAST GEMMV DATA CARD

EXECUTE THE FOLLOWING

I_STRUCTI ENS

ERASE LAST PROGRAM FROM

MEMORY•

INPUT THE ENTIRE USER PCF

FROM UNIT A

EXECtJTE DSKYUP PROGRAM.

LAST DSKYUP DATA CARD

END OF FILE CARD

_'INDICATES 718 OVERPUNCH IN COLUMN 1
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EXTERNAL DELTA V AND REFSMMAT UPDATE PROCESSOR

(ALL GEMMV FILES UNIVAC 11C8)

ADDITIONAL GEMMV INPUT QUANTITIES FOR THE EXTERNAL DELTA V

AND REFSMMAT UPDATE PROCESSOR I

PHASE WHERE EXTERNAL DELTA V OR REFSMMAT UPDATE OUTPUT IS

DESIRED e

ABO

A79

SET TO 6 TO CALL THE EXTERNAL DELTA V

AND REFSMMAT UPDATE PROCESSOR.

SET TO 2 TO WRITE THE 200 WORD-RECORD

FOR DEORBI T,
SET TO 5 TO WRITE TI'E 200 WORD-RECORD

FOR ORBIT,
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4. OPERATING INSTRUCTIONS FOR THE WORK SCFEDULE PROCESSOR

4.1 GENERAL

THIS SECTION PRESENTS THE ON-LINE INPUTS REQUIRED FOR

E×_CUTION OF THE W(-}RK SCHEDULE PROCESSOR, A BRIEF DESCRIPTION OF
TI-E PR{}CESSOR, THE TAPE SETUP, AND THE CZNTROL CARDS USED IN

CCNJUNCTI{)N WITH THE PROCESSOR.

4.2 PR{}GRAM DESCRIPTION

THE WORK SCHEDULE PROCESSOR IS DIVIDED INTO THREE SEPARATE
MODUL_S. mODULE I (ANY GEMMV PROCESSOR) IS USED TO GENERATE

AN FPHEMERIS TAPE WHICH BECOMES THE INPUT TO THE NEXT MODULE.

TI-E EPHEMERIS TAPE CONTAINS ALL THE PERTINENT ORBIT AND MANEUVER

EATA OVER A SPECIFIED TIME INTERVAL. MODULE I) ACCEPTS THE

EPI-EMERIS TAPE AND GENERATES THAT EPHEMERIS AND TRACKING CATA

RE(:UESTFD AND OUTPUTS THEM ON THE APPROPRIATE SLMMARY SHEETS.
TH_ DATA WHICH CAN BE OF_TAINED FROM MODULE I) INCLUDES THE

Ff_LLOWING' SPACECRAFT DAYLIC, HT-DARKNESSt SPACECRAFT MOON

SIGHTING, COMPUTED EVENTS, LANDMARK SIGHTING, SPACECRAFT STAR

SIGHTING, CLOSEST APPROACH, AND POINTING DATA. THESE DATA ARE

ALS{] SAVED ON AN INTERFACE TAPE WHICH SERVES AS THE INPUT TO

MODULE Ill. THE PROCESSOR MAY BE TERMINATFD AT THIS POINT IF

CNLY THE EPI_EMERIS AND TRACKING DATA ARE DESIRED. THE PROCESSOR

OUTPUT THEN CONSISTS OF THE EPHEMERIS AND TRACKING DATA
SUMMARY SHEETS.

THE EXECUTION OF M[.}DULE Ill IS PERFORMFD WHEN THE WORK

SCHEDULE IS DESIRED. IT SORTS THE INFORMATICN CCNTAINED ON

TI-E INTERFACE TAPE AND INPUT EVENT CARDS AND GENERATES A PLOT

TAPE WHICH IS DELIVERED TO THE DDO0 WHERE A FILM OF THE WORK
SCFEDULE IS PRODUCED. HARD COPIES OF THE FILM ARE MADE AFTER
FILM IS RFTURNED TU BUILDING 45.

4-i



4,3 TAPE SETUP FOR THE UNIVAC 1108 DATA PRCCESSING SYSTEM

TAPE UNIT

A

B
F

I

S

T

0

TAPE DESCRIFTION

GEMMV PROGRAM (PCF) TAPE

MISSION TABLE TAPE

MISSICN DATA TAPE

EPHEMERIS TAPE (SYSTEM)

PLOT PACKAGE (SYSTEM)

SORT PACKAGE (SYSTEM)

EPHEMERIS TAPE GENERATED

BY MODULE I

DATA TAPE GENERATED
BY MODULE II
SORTED TAPE FOR USE

BY MODULE Ill
SCRATCH TAPE
SCRATCH TAPE
SCRATCH TAPE

4-2



4.4 CONTROLCARD LISTING FOR THE UNIVAC IIC8 DATA
PRnCESS ING SYSTEM

4.4.1 MODULE I

CCLIIMN 1 4 8

MSG

ASG A = XXXX

ASG B = XXXX

ASG F = XXXX

ASG I = SEPHEM

ASG S = SPLOTS

ASG T = $SORT
ASG Q

ASG R

ASG J = SAVE

ASG G,N,K

XOT CUR

TRW A,B,F,G,J,N,Q,R,I,

S,T,K

IN A

N XOT GEMMV

FIt.E

4.4.2 MODULE IT

CCLUMN I 4 8

X OT CUR

ERS

IN A

XOT MAIN

FILE 5

CCMMENTS

GEMMV PROGRAM PCF

TAPE NUMBER

MISSION TABLE TAPE NUMBER

MISSICN CATA TAPE NUMBER
SUn, MOCN, AND STAR

EPHEMERIDES

PLOT PACKAGE (SYSTEM|

SORT PACKAGE (SYSTEM)

EPHEMERIS TAPE GENERATE

BY MODULE I

DATA TAPE GENERATED
BY MODULE IT

SCRTED TAPE FOR USE BY

BY MODULE III
(SAVE FCR PLOTS)

SCRATCH UNITS ON FASTRAND

EXECUTE THE FOLLOWING
I_STRUCTICNS

REWIND UNITS A,B,F,G,J,N,

Q,R,I,S,T, AND K

INPUT THE ENTIRE USER
PCF FROM UNIT A

EXECUTE THE GEMMV PROGRAM

MODULE I CATA CARD

(ANY STANDARD GEMMV

ON-LINE DECK)

END OF INPUT FOR MODULE I

EXECUTE THE FOLLOWING

INSTRUCTICNS

ERASE LAST PROGRAM

FROM MEMCRY

INPUT THE ENTIRE USER
PCF FROM UNIT A

EXECUTE MODULE II

MODULE II DATA CARD

CALL MODULE Ill
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4.4.3 MODULE III

COLUMN 1 4 8
X OT CUR

ERS

IN A

IN S

IN T

XOT MAIN 3

FILE

EOF

EXECUTE THE FOLLOWING

INSTRUCT ICNS

ERASE LAST PROGRAM

,FRCM MEMORY
INPUT THE ENTIRE USER
PCF FROM UNIT A
INPUT THE ENTIRE USER

PCF FROM UNIT S
INPUT THE ENTIRE USER
PCF FROM UNIT T

EXECUTE MODULE Ill

MODULE III DATA CARDS

EkD GF MODULE III INPUT

END OF FILE CARD
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4.5 INPUTS TO THE WORK SCHEDULE PROCESSOR

_.5,1 INPUTS TO MODULE I, - THE FOLLOWING INPUTS ARE IN

ABDITION TO ANY OF THE STANDARD GEMMV INPUT QUANTITIES AS

F)_SCRIBFD IN SECTION 2,

PHASE I

ASO

A114

AI02

All!

AI20

AI3B

SET TO 4 TO CALL MODULE II AFTER

GEMMV IERMINATION

SET TO 4 TO CALL WRITE 4 SUBROUTINE

(USED TO GENERATE THE TAPES FOR

MODULE It)

SET TO 20 (OUTPUT UNIT FIR WRITE 4),

SET TO 0 TO SPECIFY CONSTANT INTEGRATION.

SET TO DESIRED INTEGRATICN INTERVAL(SECt.

SET TO DAY OF YEAR OF LIFT-OFF,

PHASE WHERE WORK SCHEDULE OUTPUT IS D'ESIRED

A4210 SET TO N (OUTPUT WILL BE EVERY N

INTEGRATION STEPS) A4210 IS USUALLY

ADJUSTED SO THAT WRITE 4 WILL OUTPUT
APPROXIMATELY EVERY 20 SECONDS OF ORBIT

PROPAGATION TIME E.G., IF A120 IS SET TO

10 SEC, THEN A4210 WCULD BE SET TO 2,

PHASE AFTER LAST WORK SCHEDULE OUTPUT IS DESIRED

A648-9

AI02

TERMINATION INDEX AND VALUE, RESPECTIVELY

(NORMALLY THE INDEX SHOULD BE AI23 PHASE

TIME, AND THE VALUE SHOULD BE tO SECt

SET TO -20 (WRITES AN ECF ON

TAPE UNIT 20)

THE LAST PHASE IN THE DECK SHOULD HAVE A1)g SET TO i

TO TERMINATE THE RUN.

4.5.2 INPUTS TO MODULE I)

CARD I - THIS CARD IS USED TO SPECIFY THE TYPES OF DATA

TO BE PROCESSED(131,

COLUMNS

2-4

6-8

tO-12

NUMBER OF RADAR STATIONS TO BE PROCESSED

(PRESENTLY 27)
NUMBER OF LANDMARKS TO BE PROCESSED

(TYPE I CARDS)

NUMBER OF STARS TO BE PROCESSED

(TYPE II CARDSI
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14-16

18-20

22-24

26-28

30-32

34-36

38-40

42-44

46-48

58-60

62-64

66-68

70-72

NUMBER OF POINTING TARGETS TO BE

PROCESSED (TYPE Ill CARDS)

NUMBER OF CLOSEST APPROACH TARGETS

(TYPE IV CARDS)

FLAG FOR DAYLIGHT-CARKNESS COMPUTATION

(IF = Ot DO NCT COMPUTF . IF GREATER

THAN O, COMPUTE)

FLAG FOR MOON SIGHTING CCMPUTATION

(IF = O. DO NCT COMPUTE , IF GREATER

THAN Ot COMPUTE)

FLAG TO COMPUTE EYEleTS (APOGEE, PERIGEE,
ASCENDING MODE. REVOLUTICN NUMBER. ETC.)
IF = O. EVENTS WILL NOT BE COMPUTED

IF GREATER THAN C, THEY WILL BE COMPUTED.

NUMBER OF ACTIVE VEHICLES IN THE
GEMMV RUN

MINIMUM ELEVATICN ANGL-_ FOR RADAR

STATIONS (0-90 DEGREES)

ANGLE FOR LANDMARK SIGHTINGS

(0-9C) DEGREES)

FLAG TO PRINT ALTITUDE AS A COMPUTED

EVENT. THE NUMBER INPUT IN THIS FIELD

IS THE T IN MINLTES AT WHICH ALTITUDE

WILL BE PRINTED (I.E.. A 15 WILL REQUEST

ALTITUDE TO BE PRINTED EVERY 15 MINUTES

OVER THE INTERVAL SPECIFIED IN THE

FOLLOWING SIX FIELDS)

HR (G.E,T.|
MIN (G.EoT) START ALTITUDE PRINT

(IF 46-4B GREATER THAN O)
SEC (G.E.T.)

HR (G.E.T.)

MIN (G.E.T.I STOP ALTITUDE PRINT

(IF 46-48 GREATER THAN O)
SEC (G,E,T, !

CARD 2 - IF COLUMNS 2-64 OF THIS CARD ARE BLANK, THE ENTIRE
TRAJECTORY GENERATED WILL BE PROCESSED. OTHERWISE

COLUMNS 2-16 SPECIFY START TIME FCR VEHICLE i,

COLUMNS 18-32 SPECIFY STOP TIME FCR VEHICLE I
LIKEWISE, COLUMNS 34-48 AND 50-64 SPECIFY START

AND STOP TIMES FOR VEHICLE 2.

COLUMNS

2-4 DAY (13)

6-B HR (13)

I0-12 MIN ( I31

14-16 SEC (13)

18-20 DAY (13)

22-24 HR (13l

26-28 MIN (I3)

30-32 SEC (13)
34-36 DAY (13)

START TI ME

VEHICLE I (G.E.T.)

STOP T) ME

VEHICLE I (G.E.T.)
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38-40

42-44
46-48
50-52
54-56
58-60
62-64
66-75

HR (I_l START TIME

MIN (I]! VEHICLE 2 (G•E•T•)
SEC ( 131

DAY (I])

HR (Ill STOP TIME

MIN (13) VEHICLE 2 (G•E•T•)
SEC (l]l

MINIMUM ECCENTRICITY FOR WHICH APOGEE AND

PERIGEE WILL BE PRINTED (EIOI

DATA CARDS - IF USED, THESE CARDS M_ST FOLLOW CARD 2•

TYPE I CARDS - THESE CARDS ARE LSED ONLY IF LANDMARK

DATA ARE TO BE PROCESSED ANY NUMBER OF CARDS MAY BE

INPUT, BUT THEY M_ST BE INPUT IN ASCENDING ORDER (131.

COLUMNS

2-4
6-8

10-12

I.D. NUMBER OF LANDMARK I
I.D. NUMBER OF LANCMARK 2

I,D, NUMBER OF LANDMARK

• • • • • • •

TYPE II CARDS - THESE CARDS ARE USED ONLY IF STAR DATA

ARE TO BE PROCESSED• ANY NUMBER OF CARDS MAY BE USEOt
BUT ThEY MUST BE INPUT IN ASCENDING ORDER (I3),

COLUMNS

2-4

6-8

10-12

I.D, NUMBER OF STAR 1

I.D. NUMBER OF STAR 2
I.D. NUMBER OF STAR 3

TYPE III CARDS - THESE CARDS ARE USED CNLY IF POINTING

DATA ARE TO BE PROCESSED• EACH TARGET MEST BE SPECIFIED

ON A SEPARATE CARD. UP TO 5 POINTING TARGET CARDS MAY
.BE PROCESSED•

COLUMNS

1-12

14-23

25-34
36-44

45-48

50-51

I.D, DF POINTING TARGET (AI2)

LATITUDE OF TARGET (DEGI(EIO)

LONGITUDE OF TARGET (DEG)(EIOI

ALTITUDE OF TARGET (FTI(E8)
ELEVATION ANGLE DESIRED (DEG|(E4)
FLAG FOR THE TYPE OF RANGE (A2)

SET TO S- FOR SLANT RANGE (USED FOR WSRR

TEST) LEAVE BLANK FOR GRDUND RANGE

TYPE IV CARDS - THESE CARDS ARE USED CNLY IF 'CLOSEST
APPROACH TARGET t DATA ARE TO BE PROCESSED• EACH TARGET

MUST BE SPECIFIED ON A SEPARATE CARD, UP TO FIVE TARGET
CARCS MAY BE PROCESSED•
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COL UMN S
1-12
15-23
25-34
40-49

I.D. OF TARGET IAI2)

LATITUDE OF TARGET IDEG)(Eg)

LONGITUDE OF TARGET (DEGI(EIO)

ALTITUDE OF TARGET (FTI(EIO)

4.5.3 INPUTS TO MODULE III

CARD 1 - THIS CARD DETERMINES IF THE PLOT TAPE FROM

MODULE II IS TO BE SORTED.

COLUMNS
I-4 SORT = SORT MODULE IT TAPE.

CARD 2 - THIS CARD DETERMINES THE COLUMN ARRANGEMENT, TIME

SCALES DESIRED, MISSION NAME, AND CURRENT DATE.

EACH COLUMN ON THE CARD CORRESPONDS TO THE SAME

NUMBERED COLUMNS OF THE PLOT. TO DELETE AN OPTION

FROM THE PLOT, PUNCH AN R IN THE RESPECTIVE

COLUMN.

COLUMNS

I

2
3
4
5

6

7

10

SET TO 0 FOR GET (Tl}.

SFT TO 1 FOR RET Ill).

SET TO 2 FOR GMT Ill).

SET TO S FOR EST (11).

SAME INPUT AS CCLUMN 1 Ill)

SAME INPUT AS CCLUMN 1 (11)

SET TO 4 TO SPECIFY RADAR OUTPUT Ill)

SET TO fi TO SPECIFY SUNRISE/SUNSET IN

COLUMN 5 (11)

SET TO 6 TO SPECIFY MOCNRISE/MOONSET IN

COLUMN 6 (II)

SET TO 7 TO SPECIFY COMPUTED EVENTS IN

COLUMN 7 (11)

DESIRED TIME SCALE (II)

1 -- 2 HOURS

2 = 15 MINUTES

3 = I HOUR

4 = 30 MINUTES

5 = 42 MINUTES
MISSION NAME (AI8|

CURRENT DATE (AI2)

CARD 3 - THiS CARD DETERMINES THE _EHICLE, TIME RANGE, AND

VEHICLE NAME OF THE PLOT.

COLUMNS

I-2

5-6
8-g

11-12

NUMBER OF VEHICLE |I OR 2) TO BE

PLOTTED {12)

DAY II2)

HR (I2) START TIME OF PLOT. IF ZEROES

MIN (12) ARE INPUT, PLOT STARTS AT
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14-15
17-18
20-21
23-24
26-27
33-38

SEC (12) BEGINNING OF TAPE (G.E.T.I

DAY (12!

HR [12) STOP TIME OF PLOT. IF ZEROES

MIN (12) ARE INPUT, PLOT STOPS AT END

S_C(12| OF TAPE (G.E,T.)

VEHICLE NAME |A6)

CARD 4 - THESE CARDS ARE USED TO IkPUT EVENTS AT THE TIME

THEY OCCUR. USE ONE CARD PER EVENT, AND AS MANY

CARDS AS ARE NECESSARY.

COLUMNS
I-2

5-6

7-g

II-12

14-15

21-80

SET TO II TO INDICATE INPUT EVENT CARD

(I2).

DAY (12)

HR (I31 TIME OF INPUT EVENT IN G.E.T.

MIN (12)

SEC (12)

INPUT STATEMENT (A42)

IF ANUTHER VEHICLE IS DESIRED OR IF ANOTHER TIME RANGE

IS DESIRED FOR THE SAME VEHICLE, INPUT A CARD I2 IN

COLUMN 2l TO CALL THE SECOND VEHICLE CR A SECOND CASE,

THEN ANOTHER CARD 3 IS INPUT WITH THE SAME FORMAT AS

DFSCRIBED ABOVE. FOLLOWING THIS CARD WILL BE THE INPUT

EVENTS ASSOCIATED WITH THIS VEHICLE OR TIME RANGE.

IF ANOTHER COLUMN ARRANGEMENT OR A_OTHER TIME SCALE IS

DESIRED, THE FOLLOWING CARD IS INPUT

CARD 5

COLUMNS

I-2 SET TO 3 TO INDICATE THAT A CARD 2 IS TO

BE READ NEXT {12!.

.FOLLOWING THIS CARD, ANOTHER CARD 2 IS INPUT ALONG WITH

THE CARDS 3 AND 4 ASSOCIATED WITH IT.

CARD 6

COLUMNS

2 SET TO 6 TO INDICATE END OF RUN. MUST
ALWAYS BE THE LAST CARD IN MODULE III

Ill).
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4,6 INPUTS FOR THE PREDICTED SITE ACQUISITION TABLE (PSAT|
OPTION

IN nRDER TO GENERATE PSAT DATAt MODULES I AND II ONLY ARE

USED. MODULE I INPUT IS IDENTICAL TO THAT DESCRIBED IN SECTION

4.4,1, AND MODULE II IS IDENTICAL TO THE INPUTS DESCRIBED IN

SECTION 4.z*.2, EXCEPT FOR THE FOLLOWING

CARD [

COLUMNS
2-4

34-36

38-40

SET TO 27 IF ALL 27 STATIONS ARE TO BE

PROCESSED (13|,

I OR 2 DEPENDING CN THE NUMBER OF
VEHICLES WHICH ARE TO BE PROCESSED (13)

MINIMUM ELEVATIGN ANGLE (I3)

CARD 2

COLUMNS

1-64 BLANK IF THE ENTIRE TRAJECTORY IS TO BE

PROCESSED FOR PSAT.

IF PORTIONS OF THE GENERATED TRAJECTCRY ARE TO BE PROCESSEDt

SET THE FOLLOWING

2-4

6-8

10-12

14-16

18-20

22-24

26-28

30-32

34-36
38-40

42-44
46-48

50-52
54-56
58-60
62-64
66-75

DAY (13)

HR (I3! START TIME

MIN (IZ) VEHICLE I IG.E.T.)

SEC (13)

DAY (13)

HR (I3I STOP TIME
MIN ([3) VEHICLE I (G,E,T.|

SEC (13)

DAY {13)
HR II3) START TIME

MIN (13) VEHICLE 2 IG.E.T.}

SEC lI3)
DAY (I_)

HR I13| STOP TIME

MIN (I3I VEHICLE 2 (G.E,T.)

SEC (13l

MINIMUM ECCENTRICITY FOR WHICH APOGEE

AND PERIGEE WILL BE PRINTED IEIOI

REPLACE THE FILE 5 CARD IN MODULE II WITH A FILE CARD FOLLOWED

BY AN EOF CARD
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_, OPERATING INSTRUCTIONS FOR THE RTACF MCNITOR SYSTEM
PROCESSORS

5.1 GENERAL

THIS SECTION PRESENTS THE ON-LINE INPUTS REQUIRED FOR EXECUT-

ING THE APOLLO 9 MONITOR SYSTEM PROCESSORS, A BRIEF DISCUSSION

OF THE PURPOSE OF EACH PROCESSOR AND THE TAPE SETUPS AND CONTROL

CARD LISTINGS REQUIRED TO OPERATE THIS GROUP OF PROCESSORS ON
IBM 7094 AND UNIVAC 1108 DATA SYSTEMS.

5,2 TAPE SETUP FOR THE IBM ?094 DATA PROCESSING SYSTEM

TAPE UN IT TAPE DESCRI PTICN

A2

A3

B1
B5

AS

MONITOR SYSTEM DATA TAPE

OFF-LINE OUTPUT (PCF) TAPE

MONITOR SYSTEM PROGRAM TAPE
ARSS DATA TAPE

UPDATE APnS DATA TAPE

5,3 TAPE SETUP FOR THE UNIVAC 1108 DATA PROCESSING SYSTEM

TAPE UNIT
A

B

TAPE DESCRIPTION

MONITOR PROGRAM TAPE
MISSION DATA TAPE

5.4 CONTROL CARD LISTING FOR THE IBM 7094 DATA PROCESSING
SYST EM

THERE ARE NO CONTROL CARDS REQUIRED TO EXECUTE MONITOR SYSTEM
PROCESSORS ON THE IBM 7094 DATA PROCESSING SYSTEM,
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5.5 CONTROL CARD LISTING FOR THE UNIVAC 1108 CATA PROCESSING

SYSTEM

COLUMN 1 4. 8

MSG

ASG A = XXXX

ASG B = XXXX

XQT CUR

TRW A,B

IN A

N XOT OLPROC

EOF

CCMMENTS

PROGRAM (PCF) TAPE NUMBER

MISSICK _CI_ITOR DATA TAPE

EXECUTE THE FOLLOWING

INSTRUCTICNS

REWIND UNITS A AND B

INPUT THE ENTIRE USER PCF

FRCM UNI T A

EXECUTE THE MISSION MONITOR

(PROCES) PBOGRAM

MISSICN MCNITOR DATA CARDS

END OF FILE CARD
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5.6 INPUTS TO THE MONITOR SYSTEM PROCESSORS

THIS SECTION PRESENTS THE INPUTS REQUIRED TO OPERATE THE

APOLLO 9 MISSION MONITOR SYSTEM PROCESSORS ALONG WITH BRIEF DES-

CRIPTION [}F EACH PROCESSOR. EXCEPT FOR THE FIRST PROCESSOR WHICH

USES SOME GEMMV TYPE INPUTS, ALL THE INPIJTS HAVE FIELD SPECIFI-

CATIONS INDICATED IN PARENTHESES AFTER THE CARD, IF ALL THE

FIELDS ARE THE SAME, OR AFTER THE VARIABLE SPECIFICATIONS ARE

NOT IN STRICT ACCORCANCE WITH THE PROCESSOR'S FCRTRAN FORMAT

STATEMENT, A BRIEF EXPLANATION IS GIVEN.

A FIFLD SPECIFICATION CONSISTS OF THE FOLLOWING

• A LETTER (I,E,O,A) TO DESIGNATE THE KIND OF INPUT THE

PROCESSOR WILL EXPECT.

• A NUMBER TO DESIGNATE THE MAXIMUM NUMBER OF

COLUMNS ALLOWED FOR EACH INPUT.

THE LETTER I SPECIFIES INTEGER INPUT, RIGHT JUSTIFIED, AND NO

DECIMAL P{IINT. THE LETTER E SPECIFIES DECIMAL INPUT, LEFT JUSTI-

FIED, AND A DECIMAL POINT. THE LETTER I_ SPECIFIES OCTAL INPUT,
LEFT JUSTIFIED, AND NO DECIMAL POINT. THE LETTER A SPECIFIES

LETTERS, DIGITS PUNCTUATION, AND BLANK INPUT, LEFT JUSTIFIED.

54





5.6.1 CHECKOUT MONITOR PROCESSOR. - THIS PROCESSOR WILL BE

USED TO GENERATE THE RTCC CHECKOUT MONITOR DISPLAY, USING EITHER
A S-IVB TFLEMETRY, A CSM TELEMETRY, OR A RTCC TRACKING VECTOR,

IT WILL ALSO BE USED TO STORE THESE VECTORS IN THE PROPER INPUT

FORMAT FOR THE APOLLO REAL-TIME RENDEZ_/OtjS SUPPCRT AND GEMMV
PRCGRAMS.
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CHECKOUTMCNITORPROCESS(JR

(IBM 7,_94 AND UNIVAC flOP.)

CARD 1

COLUMNS
I-2

CARD 2

A124
A4871-3
A368
A93-5
AI138-40
A240-2

A248-50

A280
A309
A2II

A70-78

BTEM31

BTEM32

BTEM33

TRA CARD

ON-LINE CARD INPUT

FILE NUMBER

01

INPUT IS THE SAME FCRMAT AS THE GEMMV

PROGRAM AND THE CARDS MAY BE IN ANY ORDER.

GREENWICH HOUR ANGLE

VECTOR IDENTIFICATI CN

REVOLUTION NUMBER

LIFT-OFF TIME (HR, MIN, SEC! (GMTJ

VECTOR TIME (HR, MIk, SECJ (GMT)

POSITICN COORDINATES (FT, KM, OR ER)
( X, Y, Z)

VELOCITY COORDINATES (FT/SEC, M/SEC, OR
ER/HR) IX, Y, Z)

CURRENT WEIGHT (LB)

LAUNCH AZIMUTH

SET TO 0 TO INPUT A GREENWICH ECI VECTOR.

SET TO I TO INPUT A BESSELIAN ECI VECTOR.

SET TO 3 TO INPET AN IU TELEMETRY VECTOR.
P05 MATRIX ONLY IF A BESSELIAN VECTOR IS

INPUT (INPUT THE P05 MATRIX ROW-WISE.)

SET TO 0 IF THE INPUT VECTOR UNITS ARE

KM-M/SEC OR ER-ERIHR.

SET TO I IF THE INPUT VECTOR UNITS ARE

FT-FT/SEC.

SET TC GMTIUGRR-GMTL/O IN SEC ONLY IF AN

IU VECTOR IS INPbT.

SET TO I TO GENERATE UPDATED ARRS INPUT

DECK FOR TRACKING.

TERMINATES THE INPUT FOR A CASE.

COLUMNS

8-I0 TRA [A3)

12-14 2,4 [A3)

NOTE - ADDITIONAL CASES ARE INPUT BY REPEATING CARDS 2 THROUGH

THE TRA CARD.
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5,6,2 AERODYNAMICSAND MASS PROPERTIES PROCESSOR- THE AERO-

DYNAMICS AND MASS PROPERTIES PROCESSOR WILL BE LSED TO DETERMINE

TI-E CM ENTRY AERODYNAMICS AS WELL AS THE CSM CEf_TER OF GRAVITY

L(ICATION, MCMENTS OF INERTIA, PRODUCT MCMENTS OF INERTIA, AND

EhGINE TRIM ANGLES AT ANY TIME DURING THE MISSIEN, THE PROCESSOR

IS COMPRISED OF FOUR OPTIONS FROM WHICH THE CSM TRIM AERDDYNAMICSp

CSM CENTER OF GRAVITY LOCATION, MASS PRCPERTIES TABLEt AND

_IGITAL ALJTOPILOT COM_4AND LOAD CAN BE GENERATED,
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AERODYNAMICSAND MASS PROPERTIES PROCESSOR

(IBM 70q4 AND UNIVAC 1108)

C ARD I

COLUMNS

1-2

CARD 2

COLUMNS
3

,qPTICIN 1

CARD 3

COLUMNS

I-7

8-14

15-21

22-28

29-40

OPTION 2

CARD 3

COLUMNS

I-3

CARD 4

COLUMNS

4-11

12-18

ON-LINE CARD INPUT

FILE NUMBER

n2

CALCULATICN OPTION {13)

I GENERATE THE AERODYNAMICS TABLE OF THE

PRESENT VEHICLE.

2 DETERMINE THE NEW CENTER OF GRAVITY

LOCATION OF THE VEHICLE AFTER ADDING
OR SUBTRACTING THE _ESIGNATED M(]DULES.

3 GENERATE THE MASS PROPERTIES TABLE.

4 GENERATE THE DIGITAL AUTOPILOT LOAD.

PARAMETERS OF PRESENT VEHICLE

WEIGHT OF PRESENT VEHICLE (F7.2)
XCG - X STATION OF CENTER OF GRAVITY

(F7.2)

YCG - Y STATION OF CENTER OF GRAVITY

(F7.21
ZCG - Z STATICN CF CENTER OF GRAVITY

(F7.2)

COMMENIS (2A6)

NUMBER OF MODULES TG BE INPUT FOR A RUN

(T3l

PARAMETERS OF THE MODULES

WEIGHT OF MODULE PLIES IF IT IS TO BE

ADDED OR MINUS IF IT IS TO BE SUBTRACTED

{F8.3)
XCG - X STATION OF CENTER OF GRAVITY F)F

MODULE (F7,3)
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YCG - Y STATICN CF CENTER OF GRAVITY OF

MODULE (F6.2l

ZCG - Z STATION CF CENTER OF GRAVITY OF

MODULE (F6.2l

THE F['ILLFIWING INPUTS ARE NEEDED ON CARD 4 IF NEW SPACECRAFT

_CMENTS OF INERTIA ARE TO BE CALCULATED

COLUMNS
31-37

38-44

45-51

IXX - MCMENT OF INERTIA CF THE MODULE

ABOUT THE X-AXIS (FT.O)

IYY - MOMENT OF INERTIA CF THE MODULE

ABOUT THE Y-AXIS (F7.OI

IZZ - MOMENTS OF INERTIA OF THE MODULE

ABOUT THE Z-AXIS (FT.O|

THE FOLLOWING INPUTS ARE NEEDED ON CARD 4 IF Nc_W SPACECRAFT

PRODUCT MOMENTS OF INERTIA ARE TO BE CALCULATE{)

COLUMNS

_2-58

59--05
66-72

IXY - PRODUCT MOMENT OF INERTIA (F7.2)

IXZ - PRODUCT MCMENT OF INERTIA (F7°2)

IYZ - PRODUCT MOMENT OF INERTIA (F7.2)

CARD .5 OPTIONS FOR EACH CASE IN THE RUN

COLUMNS
1-3
4-6

7-9

11-22

NUMBER OF MODULES FOR A CASE (I3|

1 COMPUTE AERODYNAMICS (13).

0 DO NOT COMPUTE AERODYNAMICS (13|.

1 USE ONLY THOSE MODULES SPECIFIED ON
CARD 6 FOR A CASE (I3)°

0 _SE THE FIRST N MCDULES FOR A CASE
WHERE N IS THE NUMBER IN COL. I-3 AND

CARD 6 IS NOT INCLUDED FOR THE CASE

(131.
COMMENTS (A12)

CARD 6 MODULES TO BE USED FCR A CASE (IBI3)

COLUMNS

I-3
4-6

e

74-76

EACH NUMBER IN FIELDS I-3, 4-6, ETC._ COR-
RESPONDS TO THE ORDER IN WHICH THE MODULE

WERE INPUT (E.G. TO USE THE SECOND AND

FOURTH OF THE INPUT MODULES FOR A CASE

(COL. 1-31=002, (COL. 4-6)=004 AND (COL.

7-76) =BLANK°

(COL. 7-76l =BLAhK| •

OPTION 3 ANC 4°

CARD 3

5-tO



COL UMN S
1-7

10

12-23

MODULE 1

COLUMNS

I-7

8-14

15-21

22-28

29-35

36-42

43-49

50-56
57-63
64-70

MODUL E 2

MOCULE 3

COLUMNS
1-7

MODULE 4

MOCUL F 5

MODULE 6

MODULE 7

MODUL E 9

OPTION 3 - INPUT SPS MIXTURE RATIO (F7.2)

OPTION 4 - INPUT THRLST LEVEL (LBI (F7.2|

OPTION 3 - CONFIGURATION FLAG

=1.GENERATE TOTAL MASS

PROPERTIES

=2 GENERATE MASS PROPERTIES

FOR SPS RCTTOM, LM TOP,

APS TOP
=3 GENERATE I_ASS PROPERTIES

FOR SPS TOP, LM BOTTOM

OPTION 3 - COMMENTS (2A61

COMMAND MODULE

WEIGHT OF MODULE (F7.2)

XCG - X STATION CF CENTER OF GRAVITY OF

MODULE (F7.2)
YCG - Y STATION CF CENTER OF GRAVITY OF

MODULE (F7.2 !

ZCG- Z STATION CF CENTER OF GRAVITY OF

MODULE (F7.2|

IXX- MOMENT OF INERTIA OF THE MODULE

ABOUT THE X-AXIS (F7.2)
IYY MOMENT OF INERTIA CF THE MODULE

ABOUT THE Y-AXIS (F7.2)

IZZ MOMENT OF INERTIA CF THE MODULE
ABOUT THE Z-AXIS (F7.2)

IXY- PRODUCT MOMENT OF INERTIA (F7.2!

IXZ- PRODUCT MCMENT OF INERTIA (F7.2)

IYZ - PRODUCT MOMENT OF INERTIA (F7.21

SERVICE MODULE (SAME FORMAT AS CARD 4)

RCS QUAD A

WEIGHT (LB) (F7.2)

RCS QUAD B (F7.2l

RCS OUAD C (F7.2)

RCS OUAD D (F7.2l

SPS FUEL (F7.2)

SPS OXID (F?.2)
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MODULE 11 PRIMARY H2 (F7.2)

MODULE 12 SECONDARY H2 (F7.2)

MODULE 13 PRIMARY 02 (F7.2)

MOCULE 14 SECCNDARY 02 (F.T.2)

MODULE 1 5 POTABLE WATER (F7.2)

MODULE 16 WASTE WATER (F7,2)

MODULE 17-25 THESE ARE OPTION CARDS FCR INPUTTING

ADDITIONAL MODULES AND ARE THE SAME

FORMAT AS MODULE 3. IT IS ONLY NECESSARY

TO INPUT AS MANY CARDS AS THERE ARE

ADDITIONAL MODULES.

CONTROL CARD FOLLOWS LAST MISC CARD (F?.2)

COLUMN

1 O.

TO OELETE TEE CSM MASS PROPERTIES CALCULATICNS SET THE WIXTURE

RATIO OR THRUST (CARD 3) TO ZERO. THE FOLLOWING INPUTS ARE

NEEDED IF MASS PROPERTIES FOR THE ASCENT STAGE ARE TO BE

CALCULATED.

CARD

COLUMNS

I-7 OPTION 3 - APS MIXTURE RATIO (FT.Z)

1-7 OPTION /, - APS MI)tTURE RATIO (F7,2)

12-23 OPTION 3 - COMMENT (2A61

8-14 OPTION 4 - DOCKING ANGLE (F7.2)

MODULE 27 ASCENT STAGE

COLUMNS

1-7
8-14

15-21

22-28

29-35

WEIGHT OF MODULE (F7,21
XCG - X STATION CF CENTER OF GRAVITY OF

MODULE (F7,21

YCG - Y STATION OF CENTER OF GRAVITY OF

MODULE (F7.2)

ZCG - Z STATION OF CENTER OF GRAVITY OF

MODULE (F7.2)

IXX - MOMENT OF INERTIA CF THE MODULE

ABOUT THE X-AXIS (F7,2)
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36-42

43-4_

50-56
57-63
64-70

MODUL E 28

COLUMNS
1-7

MODULF 29

MOOtlLE 30

MODUL E 31

MOOULE 32

MODULE 33

MO[')UI. E 34

M('}DUL E 35

MOCUL E 36

MODULE 37

MO_.UL E 38

MOCUL E 3_

MOI_ULE 4C

MODULE 41

MOCUL E 42

MOI_UL E 43

MODULE 4.4

MO_UL E 45

MODUL E 46

CONTROL CARD

COLUMN

I

IYY MOMENT OF INERTIA CF THE MODULE

ABOUT THE Y-AXIS (F7.21

IZZ MOMENT OF INERTIA OF THE MODULE

ABOUT THE Z-AXIS 1F7.2)
IXY - PRODUCT MCNENT OF INERTIA (F7.2|
IXZ - PRODUCT MCMENT OF INERTIA (1::7.2)
IYZ - PRODUCT MCMENT OF INERTIA (F7,2)

APS FUEL

WEIGHT (LBI (F7,2|

APS OXIDIZER (F7,2)

RCS FUEL A (F?.21

RCS FUEL B (F7.2)

RCS OXID A (F7.21

RCS OXID R (F7.2)

ASC 02 i (F7.2)

ASC 02 2 (F7.2)

ASC H20 I (F7,2)

ASC H20 2 lF7.2)

LM MISC (F7,2!

LM MISC IF7.2I

LM MISC (F7.2l

LM MISC IF7,2I

LM MISC (F7.2l

LM MISC (F7.2l

LM MISC (F7,2)

LM MISC (F7,2!

LM MISC (F7,2)

FOLLOWS LAST MISC CARD (F?,2)



TO DELETE TI-E ASCENT STAGE MASS PROPERTIES CALCULATIONS SET THE

MIXTURE RATIO TO ZERO, THE FOLLOWING INPUTS ARE NEEDED IF MASS
PROPERTIES FOR THE DESCENT STAGE ARE TO BE CALCULATED,

CARD

COLUMNS
i-7 OPTION 3 - DPS MIXTURE RATIO (F7,2l

I-7 OPTION 4 - DPS MIWTURE RATIO {F7,2)

12-23 OPTION 3 - COMMENT (2A6I

MODULE 48 DESCENT STAGE

COLUMNS
I-7

8-14

15-21

22-28

29-35

36-42

43-49

50-56

5?-63
E4-70

WEIGHT OF MODULE IF7.2)

XCG - X STATION OF CENTER OF GRAVITY OF

MODULE (F7,21
YCG - Y STATION CF CENTER OF GRAVITY OF

MODULE IF7,2)
ZCG - Z STATION CF CENTER OF GRAVITY OF

MODULE (F7,2l

IXX - MOMENT OF INERTIA CF THE MODULE

ABOUT THE X-AXIS (F?,2)

IYY MOMENT OF INFRTIA CF THE MODULE

ABOUT THE Y-AXIS (F7,2I

IZZ MOMENT OF INERTIA OF THE MODULE
ABOUT THE Z-AXIS IF7.2)

IXY - PRODUCT MOMENT OF INERTIA {FT,2)

IXZ - PRODUCT MOMENT OF INERTIA (F7,21

IYZ - PRODUCT MOMENT OF INERTIA IFT,2)

MODULE 49 DPS FUEL I (F7,2!

COLUMNS

1-7 WEIGHT OF MODULE (F7.2)

MODULE 5G DPS FUEL 2 {F7,2)

MODULE 51 DPS OXID I (F7,2)

MOOULE 52 DPS OXID 2 (F7.2)

MODULE 53 DESCENT 02 (F7,2)

MOCULE 54 DESCENT H20 (FT,21

CONTnOL CARD FOLLOWS LAST MISC CARD IF7.2)

COLUMN
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I O.

CONTROL CARD

COLUMN

I O.

Tt'] DELETE MASS PROPERTIES CALCULATIONS FOR THE DESCENT STAGE SET
TI-E MIXTURE RATIO TO ZERO,

5-15



5.6.3 COMMANDFORMATTING AND GENERAL CONVERSICN PROCESSOR.-

THIS PROCESSOR CONTAINS TEN OPTIONS IN WHICH DATA IN ENGINEERING

UNITS ARE CCNVERTED TO OCTAL OR DATA IN OCTAL _RE CONVERTED TO

ENGINFERING UNITS. NINE OF THE OPTIONS ARE CONCERNED WITH UP-

LINKED OR DOWN-LINKEC CMC QUANTITIES AND POSSESS FIXED FORMATS,

SCALE FACTORS, AND OCTAL PRECISIONS. THE SEVENTH OPTION IS FOR

GENERAL CF_NVERSION FROM ENGINEERING UNITS TO OCTAL, OR VICE

VERSA, GIVEN THE NUMBER, SCALE FACTORS, PRECISICN, AND MULTI-

PLIERS IF NECESSARY.
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COMMANDFORMATTINGAND GENERALCC,NVERSICN PROCESSOR

(IBM 70_4 AND UNIVAC 11CBI

ON-LINE CARD INPUT

CARD I FILE NUMBER

COLUMNS

I-2 03

CARD 2 PROCESSOR AND CCNVERSICN OPTIONS

COLUMNS

I I NAVIGATION UPCATE

2 ORBIT EXTERNAL DELTA V

3 DEORBIT EXTERNAL DELTA V
4 REFSMMAT

5 RTCC RESTART VECTOR (NUMERIC)

6 RTCC RESTART VECTOR (ALPHANUMERIC)

? GENERAL CONVERSICN

0 DECIMAL TO OCTAL CCNVERSION (FOR PRO-

OPTION 6, THIS IS ALPHANUMERIC TO OC-

TAL CONVERSICN.)

I OCTAL TO DECIMAL CCNVERSION (FOR PRO-

CESSOR OPTION 6, THIS IS OCTAL TO

ALPHANUMERIC CCNVERSICN.)

PROCESSOR OPTION 1, 5. FOR DECIMAL TO OCTAL CCNVERSION

CARD 3

COLUMNS

1-20 X POSITICN COORDINATE (FTI (E20)

CA RD 4 Y POSITION COORDINATE (FTI (E20|

CARD 5 Z POSITION COORDINATE (FT) (E20)

CARD 6 X VELOCITY COORDINATE (FTISEC| (E20)

C4 RD 7 Y VELOCITY COORDINATE (FTISEC| (E20)

CARD 8 Z VELOCITY COORDINATE (FT/SECI (E20)

CARD 9 VECTOR TIME (G.M.T.I
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COLUMNS
I-3 HC]URS (13l

4-5 MINUTES (I2)

6-10 SECONDS {E5)

PROCESSOR OPTION I, 5, FOR OCTAL TO DECIMAL CCNVERSION, OR

PF_CESSOR OPTION 6 FOR OCTAL TO ALPHANUMERIS,

CARD 3

COLUMNS

I-I0 X POSITION COORDINATE (KM) (810)

CARD 4

CARD 5

CARD 6

CARD ?

Y POSITION COORDINATE (KM| (OiO}

Z POSITION COORDINATE (KM! {010)

X VELOCITY COORDINATE (PICS) (010!

Y VELOCITY COORDINATE (M/CS) (010l

CARD 8 Z VELOCITY COORDINATE (t_ICS) (010)

CARD 9 VECTOR TIME {CS) {01C)

PROCESSOR OPTION 2 WITH DECIMAL TO OCTAL CCNVERSICNS I

CARD 3 IGNITICN TIME (G,E,T,)

COLUMNS

I-3 HOURS (l]l
4-5 MINI_TES (12)

6-10 SECONDS (E5)

CARD 4

COLUMNS
1-20 EXTERNAL DELTA VX CCMPCNENT (FTISEC) (E2O)

CARD 5 EXTERNAL DELTA VY CCf_PONENT (FT/SECI(E201

CARD 6 EXTERNAL DELTA VZ CCMPCNENT (FTISECI(E20)

PROCESSOR OPTION 2 WITH OCTAL TO DECIMAL CCNVERSION I

CARD 3

COLUMNS
I-I0 IGNITION TIME (SECI |010)

CARD 4 EXTERNAL DELTA VX CCMPONENT IM/CSI (010)

CARD 5 EXTERNAL DELTA VY CCI_PCNENT (MICS) (0101

CARD 6 EXTERNAL DELTA VZ CCMPCNENT (MICSI (010)

PROCESSOR OPTION 3 WITH DECIMAL TO OCTAL CCNVERSION I
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CARD 3

COLUMNS
1-20

CARD 4

CARD 5

COLUMNS

I-3

4-5

6-10

CARD 6

CARD 7

CARD

LATITUDE OF IGNITION (DEGI (E20)

LONGITUDE OF IGNITICN (DEGI IOlO|

IGNITION TIME (G.E.T.)

HOURS 113l
MINUTES (12l

SECONDS (E5)

EXTERNAL DELTA VX COMPONENT (FT/SEC)(OIO)

EXTERNAL DELTA VY CEMPCNENT (FT/SEC)(0101

EXTERNAL DELTA VZ COMPONENT (FT/SEC|(OlOI

PROCESSOR OPTION 3 WITH OCTAL TO DECIMAL CCKVERSICN'

CARD 3

COLUMNS
i-I0

CARD 4

CARD 5

CARD 6
CARD 7

CARD 8

LATITUDE OF IGNITICN (DEG) 0-360 DEGREES
(OlOl

LONGITUDE OF IGNITICN (DEG) 0-360 DEGREES
(010)

IGNITION TIME (CS) (CIOI

EXTERNAL DELTA VX COMPONENT IMICS) (010)

EXTERNAL DELTA VY COMPONENT (MICSI (010)

EXTERNAL DELTA VZ COMPONENT (MICS) (010)

PROCESSOR OPTION 4 WITH DECIMAL TO OCTAL CCI_VERSICN'

CARD _.

COLUMNS

1-20 FIRST ELEMENT OF REFSMMAT (E20|

CARDS 4-II ELEMENTS OF REFSMMAT INPUT nu,,-,,JISE-{E "n=.,,)

PROCESSOR OPTION 4 WITH OCTAL TO DECIMAL CCI_VERSION'

CARD 3

COLUMNS

1-10 FIRST ELEMENT OF REFSMMAT (010)
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CARD 4-11 ELEMENTS OF REFSMMAT INPLT ROW-WISE (OIOl

oRnCESSOR OPTION 6 WITH ALPHANUMERIC TO OCTAL CCNVERSION'

CARD 3 X POSITION COMPCNENT (KM)

COLUMNS

1-4
6-g

MOST SIGNIFICANT DIGITS (A4)

LEAST SIGNIFICANT DIGITS (A4!

CARD 4 Y POSITION COORDINATE (KM) (A4l

CARD 5 Z POSITION COORDINATE (K¥| (A41

CARD 6 X VELOCITY COORDINATE (M/CS! (A41

CARD 7 Y VELOCITY CCIORDINATE (M/CS) (A41

CARD 8 Z VELOCITY COORDINATE (MICS| IA4)

CA RD 9 VECTOR TIME (CS) (A4)

PROCESSOR (IPTION 7 WITH DECIMAL TO OCTAL CCNVERSICN e

CARD 3

COLUMNS

1-20

24-25
29-30
31-50

55-72

DECIMAL NUMBER TO BE CCNVERTED TO OCTAL

(E201

SCALE FACTOR (12l

PRECISION (12l

MULTIPLIER OF THE NUMBER TO BE CONVERTED

(E201
COMMENTS (3A6)

PROCESSOR OPTION 7 WITH OCTAL TO DECIMAL CCI_VERSION I

CARD3

COLUMNS
1-15

24-25

2_-30

31-50

55-72

55-72

nCTAL NUMBER TO BE CCNVFRTED TO DECIMAL

(0151

SCALE FACTOR (12)

PRECISION ll2l
DIVISOR OF THE NUMBER TO BE CONVERTED

(E20I
COMMENTS (3A6)
COMMENTS (3A6)

PROCESSOR OPTION 9 WITH OCTAL TO DECIMAL CCNVERSICN e

CARD 3

5 -20



COLUMNS
1-5 OCI'AL NUMBER TO BE CENVERTED (05)

CARDS 4-N OCTAL NUMBER TO BE CCNV=-RTED (051
CARDS N÷I 1-5 gggg9

NOTE e pROGRAM CANNOT BE RECYCLED AFTER EXECUTING OPTION 9

PROCESSCR OPTION IO WITH DECIMAL TO OCTAL CCNVERSICN _

CARD 3

COL UMN S

1-20

CARD 4

CARD 5

PROCESSOR OPTION I0 WITH OCTAL TO DECIMAL CCNVERSION I

CARO ._

COLUMNS

I-5

CARD 4

CARD 5

PITCH TRIM ANGLE IDEGI (E20I

YAW TRIM ANGLE (DEG) (E20)

VEHICLE WEIGHT (LB) (E2O)

PITCH TRIM ANGLE ICDU PULSES/SEC) 105)

YAW TRIM ANGLE (CDU PULSES/SECI 1051

VEHICLE WEIGHT (LBI (E20!
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5.6.4 K-FACTOR PROCESSOR - THIS PROCESSOR WILL BE USED TO
COMPUTE THE ATMOSPHERIC DENSITY K-FACTOR FOR THE RTCC, THE K-FAC-
TOR VALUE IS DETERMINED BY PROPAGATING ENE INPUT STATE VECTOR TO

THE TIME OF A LATER INPUT STATE VECTOR. THE VALUE OF THE ATMOS-

PHERIC DENSITY MULTIPLIER IS ADJLSTED UNTIL THE PROPAGATED VECTOR

Af_D THE SECOND STATE VECTOR AGREE TO SCME SPECIFIED ACCURACY,
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K-FACTOR PROCESSCR

(IBM 7C94 AND UNIVAC IIC8|

CARD l

COLUMNS

I-2

CARD 2

COLUMN
I

CARD 3

COLUMNS
I-I0
11-20
21-30

CARD 4

COLUMN

I

11-20

21-30

31-_0

ON-LINE CARD INPUT

FILE NUMBER

0/_

COMPARISON OPTICN

I COMPARE EACH VECTOR TO THE FIRST VECTOR.

2 COMPARE EACH VECTOR TO THE PRECEEDING

VECTOR.

VEHICLE WEIGHT (LB) (EIO)

VEHICLE REFERENCE AREA (FT2) (EIO)

DRAG COEFFICIENT (EtO)

VECTOR OPTION

1 VECTOR IS TO BE INPUT IN DECIMAL REC-

TANGULAR COORDINATFS (ERe ER/HR) IXt Yt
Zt XDOT_ YDOT, ZDCT).

2 VECTOR IS TO BE INPUT IN DECIMAL REC-

TANGULAR COOROINATES {FTt FTISEC! (X,
Yt Z, XDC)T_ YDOTt ZDOT).

3 VECTOR IS TO BE INPUT IN GEODETIC

SPHERICAL COORDINATES (FTt FT/SEC, DEG!

Vt , t Ht , ) •

4 VECTOR IS TO BE INPUT IN GEOCENTRIC

SPHERICAL COORDINATES (FT, FTISECt DEG)

(V, , , R, , , ! .
5 VECTOR IS TO BE INPUT IN CLASSICAL

ORBITAL ELEMENTS (FT, FTISEC, DEGI

(A, E, I, G, H, LI.

6 VECTOR IS TO BE INPUT IN OCTAL RECTAN-

GULAR COORDINATES (ER, ERIHR) (X, Yt Z,

XDOT, YDOT, ZDOT).

KI-GUESS K-FACTOR (EIO) MUST BE INPUT

K2-GUESS K-FACTOR (EIO) AND BE
K3-GUESS K-FACTOR (EIO) REASONABLE VALUES.
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CARD5

COLUMNS
13-16

CAR_ 6

COLUMNS

12-15

17-19

21-25

CARD 7

COLUMNS

12-15

17-1g

21-25

CAnD 8

COLUMNS

12-14

FCR VECTOR OPTION

CARD 9

VECTOR IDENTIFICATICN (A4I

VECTOR TIME (G.M.T.)

CARD IO

HOURS (E4)

MINUTES IE3)

SECONDS (E5I

LIFT-OFF TIME |G.M.T.! INOTE THAT THIS

FOLLOWS VECTOR TIMED.

HOURS (E4I

MINUTES IE3)
SECONDS (ES)

REVOLUTION NUMBER (131

I 2 3 4 5 I

COLUMNS

1-20 X XDOT V V A

21-40 Y YDOT E

41-60 Z ZDOT I

COLUMNS

1-20 X XDOT H R

21-40 Y YDOT

41-60 Z ZDOT D C

FCR VECTOR OPTION 6'

COLUMNS

12-23

25-36
38-51

CARD 9

(E20)

(E20)

(E201

G (E20)

H (E20)

L (E20)

X(Ol2l

Y(OI2)

Z(O12)
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CARD I0

COLUMNS
]2-23 X(DOTI
25-36 Y(DOT]
38-5[ Z(DOTI

NOTE - ADDITIONAL VECTORS ARE INPUT BY REPEATING CARDS 5-tO,

PLACE AN END-OF-FILE CARD AT THE END OF THE ON-LINE DECK TO
TERMINATE TFE INPUT,
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5.6.5 PVT EQUATION PROCESSCR - THIS PROCESSOR WILL BE USED TO

DETERMINE THE AMOUNT OF OXIDIZER AND FUEL REMAINING IN EACH TANK

AI_D HOW MUCH OF THIS CAN BE CONSIDERED LSEFUL PROPELLANT. USING
ONBOARD VALUES OF HELIUM TEMPERATURE AND PRESSURE, THE PROCESSOR

EMPLOYS THE REAL GAS EQUATION TO DETERMINE THE VOLUME OF HELIUM

USED TO PRESSURIZE THE FUEL OXIDIZER SYSTEM. ONCE THE VOLUME OF

I_ELIUM IS DETERMINED IN EACH TANK, THE'AMOUNT OF FUEL OR OXIDI-

ZER IS COMPUTED FROM THE KNOWN TOTAL VOLUME OF _ACH TANK. THE

AMOUNT OF USEABLE PROPELLANT IS THEN DETERMINED FROM THE FUEL TO

flXIDIZER MIXTURE RATIO BEING USED AND THE ABILITY (EFFICIENCYI

OF EACH TANK TC EXPEL ALL ITS CONTENTS.
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PVT EQUATION PROCESSOR

(IBM 7Cg4 AND UNIVAC IICB)

CAPD 1

CARD 2

CARD 3

CARD 4

CARD 5

CARD 6

CARD 7

CARD 8

CARD 9

CARD I;

CARD 11

COLUMNS

1-2

COLUMNS

I-1C

11-20

21-30

31-40

31-40

ON-LINE CARD INPUT

FILE NUMBER

O5

TANK LOGIC FOR EACH QUAD (EIO)

OUAD A

OUAD B

OUAD C

OUAD D

QUAD D

SOURCE PRESSURE (LBIINW'W'2) (EIO)

TEMPERATURE (DEG| (EIO)

DELTA TEMPERATURE (DEGt IEIO)

OXIDIZER PRESSURE (LBIIN2) (EIO)

FUEL PRESSURE (LB/IN2) (EIO)

MIXTURE RATIO I (EIO)

MIXTURE RATIO 2 (EIO)

OXIDIZER REMAINING (LBI (EIO)

FUEL REMAINING (LBI (EIO)

NOTE' PLACE TWO BLANK CARDS AT THE END OF THE ON-LINE DECK TO

TERMINATE TEE INPUT,
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5,6,6 REFSMMAT PROCESSOR. - THIS PROCESSCR WILL CCMPUTE THE
REFSMMAT THAT WILL BE USED FRCM LIFT-OFF UNTIL THE IMU IS RE-

ALIGNED IN ORBIT. THE REFSMMAT IS COMPUTED FRCW THE LAUNCH PAD
LCCATIC]N, FLIGHT AZIMUTH, TIME OF GUIDANCE REFERENCE RELEASE

IGRR), AND THE VALUES OF THE PRECESSION AND NUTAT[ON ANGLES.
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REFSMMATPROCESSOR

| IBM 7094)

CARD I

COLUMNS
I-2

CARD 2

COLUMNS
1-20
21-40
41-60

CARD 3

COLUMNS

1-2C

21-40

41-60

CARD 4

21-40

41-60

'.'IN-LINE INPUT

FILE NUMBER

C6

LONGITUDE OF PAD 0-360 DEG (E20)
LATITUDE OF PAD O-qC DEG (E201

ALTITUDE OF PAD (M) (E20)

AXO* IS THE ANGULAR ROTATICN ABOUT +X

(PAD) (E201
AYO_ IS THE ANGULAR ROTATI ON ABOUT -Y

(PAD) (E20)

CAZ IS FLIGHT AZIMUTH 0-360 DEG (E2O)

TEPHEM IS THE TIME FROM BESSELIAN REFER-

ENCE TO MIDNIGHT PRIOR TC LAUNCH (SECI

(E20) •
TGRR IS THE TIME FRCM MIDNIGHT PRIOR TO

LAUNCH TO GUIDANCE REFERENCE RELEASE
(SECI (E20I,

CAZO IS THE GREENWICH HOUR ANGLEr OR RO-

TATION ABOUT Z BETWEEN +X AND THE GREEN-

WICH MERIDIAN AT MIDNIGHT PRIOR TO JULY

1 CAZO=O-360 DEG (E201,

AXO AND AYO ARE THE PRECESSION AND NUTATION ANGLES AND THE

VALUES WAY BE OBTAINED FROM NASA-FAB,
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5.6.7 SPACECRAFT-TO-SUN ALIGNMENT PROCESSOR, - THE SPACE-

CRAFT-TO-SUN ALIGNMENT PROCESSOR WILL BE USED TC DETERMINE THE

IMU GIMBAL ANGLES REQUIRED TO ORIENT THE CSM SO THAT A GIVEN

L{ICATION ON THE SPACECRAFT BODY WILL BE POINTED AT THE SUN,

THIS LOCATION IS SPECIFIED BY PITCH AND YAW ANGLES FROM THE
SPACECRAFT X-AXIS,
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SPACECRAFT-T{J-SUI_ ALIGNMENT PROCESSOR

{IBM 7C94 AhD UNIVAC llO8J

CARD I

CJLUMNS

I-2

CARD 2

CULUMNS

I-5

6-10

II-15
16-20

21-25

26-30

CARD 3

COLUMNS
12-20

22-30
32-40

CARD 4

CARD 5

CARD 6

COLUMNS

i-lO

1 1-20

CARD 7

GN-LINE CARD INPUT

FILE NbMBER

07

COORDINATES OF THE SUN (E5)

RIGHT ASCENSION OF THE SUN IHR|

RIGHT ASCENSION OF THE SUN (MINI

RIGHT ASCENSION OF THE SUN (SEC)
DECLINATION OF THE SUN [DEGI

DECLINATION OF THE SUN [MIN)
DECLINATION OF THE SUN (SECT

REFSMMAT INPUT ROW-WISE (EIO)

REFSMMAT (I, I)

REFSMMAT (1,2I

REFSMMAT (I,31

REFSMMAT (2,1), (2,21, (2,3) (EIOI

REFSMMAT (3,11, (3,2), (3,3) (EIOI

ANGLES USED TO LOCATE THE POSITION ON THE

SPACECRAFT TO BE DIRECTED TOWARDS THE SUN

(E IOl

YAW FRCM SPACECRAFT X-AXIS (DEG]

PITCH FROM SPACECRAFT X-AXIS (DEGI

COLUMNS

21-23 i:NU

NOTE' ADDITIONAL CASES ARE INFUT BY REPEATING CARD 6
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5.&,8 GTMBAL AND FLIGHT DIRECTOR ATTITUDE INDICATOR (FDAI)

_NGLFS CONVERSION PROCESSOR. - THIS PROCESSOR WILL BE USED

TO CONVFRT FDAI ANGLES TO IMU GIMBALS, CR GIMFALS TO FDAI ANGLES.
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GIMBAL AND FDAI ANGLES CONVERSION PROCESSOR

(IBM 7C94 AND UNIVAC llOB)

CA RD I FILE NUMBER

COL uMN

2 8

CARD 2 INPUT PARAMETERS

COLUMN

!

lO-lq

20-29

30-3g

ANGLES TO BE CONVERTED

= I GIMBAL ANGLES TO FDAI ANGLES

= 2 FDAI ANGLES TO GIMBAL ANGLES

I,G,A. OR FDAI ROLL ANGLE

M,G,A, OR FDAI PITCH ANGLE

D,G.A, OR FDAI YAW ANGLE

NOTE - ADDITIONAL CASES CAN BE RUN BY REPEATING CARD 2, A BLANK

CARD WILL TERMINATE THE RUN,
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5,6.q GIMANGPROCESSOR, -

DATA NOT AVAILABLE AT THIS TIWE

5 -34





5.6,10 I_FSSELIAN AND STABLE MEMBER VECTOR CCNVERSION

PROCESSOR, - THIS PROCESSOR WILL CONVERT BESSELIAN TO STABLE

MEMBER VF_CTORSt OR STABLE MEMBER TO BESSELIAN BY ROTATING
THROUGH AN INPUT REFSMMAT,
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BESSELIAN AND STABLE MEMBERVECTDRCCNVERSI_N PROCESSOR

(IBM 70q4 AND UNIVAC 1108)

CARD 1

COLUMN

1 IF SET TO I, REFSMMAT IS TO BE INPUT ON

THE NEXT THREE CARDS

CARD 2-4 REFSMMAT INPUT RCW-WISE (--9)

COLUMN

12-20

22-30

32-40

REFSMMAT {N,M)

REFSMMAT (N,M+I)

REFSMMAT (N,M÷2 |

CARD 5

C3LUMN

I VECTOR TO BE CCNVERTED

= 2 BESSELIAN

= 3 STABLE MEMBER

CARD 6

COLUMN

I INPUT VECTOR TYPE

= O OCTAL VECTOR

= I DECIMAL VECTCR

CARD 7 POSITICN COORDINATES

COLUMNS

12-23 X

25-36 Y

38-49 Z

CARD VELOCITY COORDINATES

COLUMNS

12-23 X-DOT

25-36 Y-DOT

3B-4g Z-DOT

NOTE - ADDITIONAL CONVERSIONS CAN BE MADE BY REPEATING THE NECES-

SARY CARDS. A BLANK CARD WILL TERMINATE THE RUN.
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5,6.11 EXTRAVEHICULAR MOBILITY UNIT WATER USAGE PROCESSOR, -

THIS PROCESSOR COMPUTES THE RATE OF LOSS OF COOLANT WATER DURING

FXTRAVEHICULAR ACTIVITY,
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EMU WATER USAGE PROCESSOR

(IBM 7094 AND UNIVAC 1108)

IN-LINE CARO INPUT

CARD I FILE NtMBER

CJ L UMN S

I-2 LI

CARD 2 CJMMENT CARD

CJLUMNS

2-7

8-19

20-63

TRACKING STATION I.D. (REQUIREDI

TIME T_E DATA WAS READ (HR, MINt SEC|

ADOITICNAL COMMENTS

CARD 3 INPUT PARAMETERS

CJLUMNS

6-15

Z[-30
36-45

51-60
b6-75

PLSS PRIMARY OXYGEN SUBSYSTEM

OECAY RATE (LB/HR)

EMU LEAK RATE (LBIHR)

HEAT FROM EQUIMENT OPERATION (BTU/HRJ

HEAT FROM ENVIRONMENT

HEAI LEAK FROM SUIT ENVIRCNMENT

CARD 4 [NPUT PARAMETERS

CJLUMNS

b-15

21-30

3b-45

51-bO

66-?5

HEAT FROM BODY FUNCTIONS (BTU/HR|

SUBLIMATOR LOOP MASS FLOW RATE (LB/HR|

LCG WATER INLET TEMPERATURE (DEG|

LCG WATER OUTLET TEMPERATURE IDEGI

TOTAL WATER TRANSPORT LOOP MASS FLOW RATE

(LB/HR }

CARD 5 INPUT PARAMETERS

CdLUMNS

6-15

21-30

3b-45

EFFICIENCY NUMBER

HEAT GUTPUT FRUM THE REACTION OF CARBON

,.,-u^I _ITH LITu!U u wvnooYwn_ (RTal/WQJ&#l,. i It ii ,.,_,. ..._ .w. _ ......

FEED WATER PRESSURE

NOTE - ADDITIONAL CASES CAN BE RUN BY REPEATING CARDS 2-5. A

BLANK CARD WiLL TERMINATE THE RUN.
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5.8.12 LM DIAGNOSTIC PROGRAM. - THIS Pt_OGRAM WILL BE USED TO
ASSIST THE LM SYSTEMS PERSONNEL IN THE REAL-TIME EVALUATION OF

VFHICLE FAILURS, THE ONLY INPUTS NECESSARY ARE A LIST OF THE
SENSORS WHICH HAVE DETECTED FAILURES, THE CUTPUT WILL BE A

SIJPMARY REPORT DESIGNATING THE COMMON FAILURE MCDE OF THE ,GROUP
P.F INPUT PARAMETERS,
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CARD 1

COLUMNS
I-2

CARD 2

COL UMN S
1-6

CARD N

CARD N+I

COLUMNS

I-6

LM DIAGNOSTIC PROGRAM

(UNIVAC IIC8)

FILE NUMBER

12

LIST OF SENSORS (A6)

PARAMETER NUMBER

NTH PARAMETER NUMBER

RETURN TO SYSTEM MCNITCR

999999
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, OPERATING INSTRUCTICNS FOR THE RTACF ORBITAL

LIFETIME PROGRA_

6. I C-ENERAL

THIS SECTION PRESENTS THE ON-LINE INPUTS TO THE APOLLO 9

ORBITAL LIFETIME PROGRAM, A BRIEF DISCUSSION OF THE PURPOSE OF
THE PROGRAM, AND THE TAPE SETUP AND CONTROL CARDS REQUIRED TO

OPERATE THE PROGRAM ON THE IBM ?094 DATA PROCESSING SYSTEM.

6.2 PROGRAM DESCRIPTION

THIS PROGRAM WILL BE USED TO COMPUTE THE PREDICTED ORBITAL

LIFETIME QF A SPACE VEHICLE GIVEN A STATE VECTOR, THE AERO-

DYNAMIC CHARACTERISTICS OF THE VEHICLE, AND THE MODEL ATMOSPHERE
TC BE USED.

6.3 TAPE SETUP FOR THE IBM 7C_4 DATA PROCESSING SYSTEM

TAPE UNIT TAPE DESC_I FTICN

AI

B1

A3
A4

B3

B4

MSFC SYSTEM TAPE

PROGRAM TAPE

OUTPUT TAPE

SCRATCH TAPE
SCRATCH TAPE

SCRATCH TAPE
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6,4 INPUTS TO THE ORBITAL LIFETIME PROGRAM

THF INPUTS TO THE ORBITAL LIFETIME PROGRAM ARE GIVEN ON THE

FOLLOWING PAGES,
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ORBITAL LIFETIME PROGRAM

[SPECIAL TAPE - IBM 7094 ONLYI

CARD I

COLUMNS

2

5

7-12

CARD 2

COLUMNS

13-31

CARD 3

COLUMNS

12-15

17-19

21-25

27-29

31-33

35-39

CARD 4

COLUMNS

12-15

17-19

21-25

27-29

31-38

35-39

CARD 5

COLUMNS

I-I0

11-20

21-30

VFCTOR INPUT OPTICN

0 VECTOR WILL BF IN OCTAL (Ill.

I VECTOR WILL BE IN DECIMAL (lll.

0 UNITS OF THE VECTOR (ER, ER/HR) (Ill

I UNITS OF THE VECTOR (FT, FTISEC) (Ill

ATMOSPHERE OPTICk - FORPAT (A6)

SPECUS SPECIAL 1_62 b.S. STANDARD
ATMOSPHERE

ARDC 1959 ARDC ATMCSPHERE

USSTD 1962 U.S. STANDARD ATMOSPHERE
POE POE ATMOSPHERE

SMALL H. SMALL ATMCSPHERE

SPECAR SPECIAL I_59 ARDC ATMOSPHERE

VECTOR IDENTIFICATICN

THREE SIX-CHARACTER WORDS (AI8)

LIFT-OFF TIME (G.M.T.)

HOURS (E3I

MINUTES (E3I

SECONDS (E4)

MONTH (E3I

DAY (E3)
YEAR (E5)

VECTOR TIME (G.M.T.)

HOURS (E4I (MUST BE LESS THAN 24)

MINUTES (E3)

SECONDS (E4)

MONTH IE3)
DAY (E_| (MbST BE ACTUAL DAY OF VECTOR)

YEAR (ES)

VEHICLE WEIGHT (LB)

VEHICLE REFERENCE AREA (SQ FTI

VEHICLE DRAG COEFFICIENT IF NOT EQUAL TO

+2.0
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CARD 6

COLUMNS
1-4
5-7
8-10

CARD 7

COLUMNS

12-31

_'_-52

54-73

CAPD 8

COLUMNS
12-31
33-52
54-73

13CTAL VECTOR OPTION

CARO 7

COLUMNS
12-23
25-36
38-51

CARD 8

C(ILUMNS
12-23
25-36
38-51

STOP TIME FOR DENSITY K-FACTORY COM-

PLITATION (HR,MIN,SEC) (G,E,T,), USE BLANK

CARD IF NO DENSITY K-FACTOR IS TO BE
COMPUTED,

HOURS (F5)

MINUTES (F31

SECONDS (F3)

POSIT ICN COORDINATES

X (E2O)

Y (E20)

Z (E20)

VELOCITY COORDINATES

XDOT (E20)

YD_T (E20)
ZDF]T (E20)

POSITICN COORDINATES

X (Cl2l

Y (0121

Z (0121

VELOCITY COORDINATES

XDOT (C12)

YDOT (C12)

ZDOT (0121
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7. OPERATING INSTRUCTIONS FOR THE APOLLO REAL-TIME RENDEZVOUS
SUPPORT (ARRS} PROGRAM (MONSTER}

7. I GENERAL

THIS SECTION PRESENTS A DESCRIPTION CF THE ARRS PROGRAWt THE
TAPE SETUP AND CONTROL CARDS REQUIRED TC OPERATE THE ARRS AS AN

ON-LINE PF)F)GRAM ON THE UNIVAC TIC8 DATA PRCCESSING SYSTEMS.

7.2 PROGRAM DESCRIPTION

ARRS IS COMPOSED OF A NUMBER OF PROCESSORS AND ROUTINES

R_QUIRED TO SUPPORT A RENDEZVOUS MISSION. THOSE WHICH WILL

BE CF C_NCFRN TO THE APOLLO 9 MISSION ARE DESCRIBED BELOW.

THE GENERAL PURPOSE MANEUVER PROCESSOR IGPMP) IS USED

Tq COMPUTE IMPULSIVE MANEUVERS AT A SPECIFIED POINT IN

AN ORBIT TO ACHIEVE DESIRED ORBITAL C{_NOITIONS.

THE TWO-IMPULSE AND TERMINAL PHASE PROCESSOR COMPUTES

A SET OF TWO MANEUVERS BY SPECIFYING WHEN THEY SHOULD

BE PERFORMED AND BY SPECIFYING THE CONL)ITIONt SUCH AS

PHASE AND HEIGHT OFFSETS, AFTER THE FINAL MANEUVER POINT.

THE MISSION PLAN TABLE (MPT} PROCESSOR ACCEPTS VECTORS

RFFNRE AND AFTER IMPULSIVE MANEUVERS AND COMPUTES THE

REQUIRED FINITE BURN QUANTITIES NECESSARY TO ACHIEVE
THE ORBIT AFTER THE MANEUVER.

THE RELATIVE PRINT ROUTINE COMPUTES RELATIVE QUANTITIES,
SUCH AS RANGE RANGE RATE, AND LOOK ANGLES, BETWEEN

TWO ORBITING VEHICLES.

THE TRACKING ROUTINE COMPUTES THE TRACKING STATION

COVERAGE DE A VEHICLE FROM THE INITIAL VECTOR THROUGH

ALL THE MANEUVERS IN THE MISSION PLAN TABLE.

THE CONCENTRIC RENDEZVOUS PROCESSOR COMPUTES A

RENDEZVOUS PLAN BY USING CONCENTRIC FLIGHT PLAN LOGIC.

THIS PROCESSOR MAY BE USED TO COMPUTE THE SECOND

MANEUVER OF THE TWO IMPULSE RENDEZVOUS PLAN AFTER

THE FIRST MANEUVER HAS BEEN EXECUTED BY THE SPACECRAFT,
A CAPABILITY NON-EXiSTENT IN THE TWO-iMPULSE AND

TERMINAL PHASE PROCESSOR.

THE CONVERSION ROUTINE CONVERTS VECTORS FROM ONE
CNORDINATE SYSTEM TO A NUMBER OF OTHER COORDINATE
SYSTEMS.
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THE ORBIT DIGITALS ROUTINE OUTPUTS ORBITAL PARAMETERS

ASSOCIATED WITH A GIVEN VECTOR AT TWO INOEPENDENT

TIM'_S•

DAYLIGHT/DARKNESS PROCESSORS, WHICH WAS DESIGNED TO

COMPUTE A TABLE OF LIGHTING CONDITICNS ASSOCIATED

WITH A GIVEN ORBIT•

7•3 TAPE SETUP FOR THE UNIVAC 1108 PROCESSING SYSTEM

TAPE UNIT

A

I
K

L

TAPE DESCRI PTICN

ARRS PROGRAM TAPE

EPHEMERIS TAPE
SCRATCH TAPE

DATA TAPE

7•4 CONTROL CARD LISTING FOR THE UNIVAC 1108 DATA PROCESSING

SYSTEM

COLUMN I 4 8

MSG

ASG A= XXXX

ASG I= SEPHEM

ASG K= XXXX

ASG L= XXXX

XOT CUR

TRW A, ItL_K

IN A

COMMENTS
ARRS PROGRAM (PCFI TAPE

EPHEMERIS TAPE UNIT

OLTPUT UNIT FOR MPT TABLE

wISSICN _ATA TAPE

EXECUTE THE FOLLOWING

IkSTRUCTICNS

REWIND AtltL, AND K

INPUT THE ENTIRE USER PCF

FROM UNIT A

N XQT ARRS

EOF

EXECUTE ARRS PROGRAM

ARRS DATA CARDS

END OF F ILE

7,5 INPLITS TO THF. ARRS PROGRAM

THE INPUTS FOR THIS PROGRAM WERE NOT AVAILABLE AT THE

TIME OF THIS WRITING AND WILL BE PUBLISHED AT A LATER DATE•
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B. OPERATING INSTRUCTInN FOR THE APOLLC BLOCK BATA PROGRAM

8.1 GENERAL

THIS SFCTION PRESENTS A BRIEF DESCRIPTICN CF PROGRAM, THE
TAPE SETUP AND THE CONTROL CARD LISTING REQUIRED FOR OPERATING

TFE PPOGRAM ON THE UNIVAC IIC8 DATA PROCESSING SYSTEM. THE ON-

LINE INPUTS AND DETAILED DISCUSSION OF THIS PROGRAM ARE AVAILA-
BLE IN THE /_POLLO BLOCK CATA PROGRAM I_SER'S MANUAL

(REFERENCE 3,41.

Q.2 PROGRAM DESCRIPTION

THE _POLLO eLOCK DATA PROGRAM (ABDP) HAS THE CAPABILITY OF

PERFORMING FOUR BASIC SIMULATIONS. ORBIT PRAPOGATION_ ORBIT MA-

nEUVERS, DEORBIT MANEUVERS AND ATMOSPHERIC ENTRY. DATA FOR DIF-

FERENT TYPES OF DEORBITS WILL BE COMPUTED BY TFE ABDP FOR EACH

REVOLIITION DURING THE EARTH ORBITAL PORTIONS OF MANNED APOLLO

MISSIONS, THESE DATA WILL BE MADE AVAILABLE TO THE FLIGHT CREW
II_ BLOCKS OF SIX REVOLUTIONS AND WILL BE LSFD TC DEORBIT THE

SPACECRAFT IN THE EVENT OF A CONTINGENCY WHICH NECESSITATES

RAPID MISSION TERMINATION,

8.3 TAPE SETUP FOR THE UNIVAC 1108 DATA PRCCESSING SYSTEM

TAPE UNIT

C

D

H

J
X

TAPE DESCRIPTION

OFF-LINE OUTPUT TAPE

SCRATCH TAPE

DATA TAPE (OPTIONAL)

SCRATCH TAPE

ABDP PROGRAM (PCF) TAPE
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R.4 CONTROL CARD LISTING FOR THE UNIVAC 11C8 DATA PROCESSING

SYSTEM

COLUMN I 4 8

NSG

ASG C,D_J

ASG = XXXX

ASG = XXXX

XOT CUR

TRW X

IN X

TRI X

N XOT CUR

END I'IF DATA

EDF

CCMMENTS

SCRATCH UNITS ON FASTRAND

DATA TAPE NUMBER

AI_flP PROGRAM (PCFI TAPE

NUMBER
EXECUTE THE FOLLOWING

I NSTRUCT [ CNS

REWIND TAPE X

INPUT THE ENTIRE USER PCF

FROM UNIT X

REWIND TAPE X WITH

I NT_ RLOC K

EXECbTE ABDP

ABDP DATA CARDS

LAST CARD OF ABDP

DATA CARDS

END CF FILE CARD

8,5 INPUTS TO THE APOLLO BLOCK DATA PROGRAM

THE INPUTS TO THE APOLLO BLOCK DATA PROGRAM ARE PRESENTED

IN THE APOLLO BLOCK DATA PROGRAM USER'S MANUAL

(REFERENCE 3,4),
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g. OPEPATING INSTRUCTIONS FOR RTACF API3LLC REFERENCE MISSION

PROGRAM (ARMACR) PROCESSOR

q. I GENERAL

THIS SECTION PRESENTS THE TAPE SETUP AND THE CCNTROL CARDS

REQUIRED TO OPERATE THE ARMACR PROCESSORS CN THE UNIVAC I108

CC_PUTER, ALONG WITH THE ON-LINE INPUTS REQUIRED FOR THEIR

OPERATION. THE ARMACR PROGRAM IS DESCRIBED IN DETAIL IN

REFERENCE 5.

9.2 TAPE SETUP F(]R THE UNIVAC 1108 DATA FRCCESSING SYSTEM

TAPE UNIT

I
R

U
('3

TAPE DESCRIPTION

EPHEMERIS TAPE UNIT

ARMACR PROGRAM (PCF) TAPE

MISSION DATA TAPE

OUTPUT UNIT FOR EPHEMERIS

GENERATOR
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O.'_ CONTROL CARD LISTING AND ON-LINE DECK SETUP FOR THE UNI-

VAC IIO8 DATA PROCESSING SYSTEM

COLUMN I 4 8

MSG

ASG I = SEP_EM

ASG R = XXXX

ECLUMN 1

ASG U = XXXX

ASG 0 = SCRATCH OR

SAVE

XOT CUR

TRW R

IN R

TRI R

N XQT ARMACR

PHASE (M,N,O,P I

PHASE (M,N)

ENDRUN

EOF

CCMMENTS

EPHEMERIS TAPE UNIT

ARMACR PROGRAM (PCF) TAPE

hUMBER

MISSICN CATA TAPE NUMBER

OUTPUT UNIT FOR EPHEMERIS

GENERATOR• NOT NECESSARY

IF NO EPHEMERIS IS DESIRED

EXECUTE THE FOLLOWING

INSTUCTICNS

REWIND UNIT R

INPUT THE ENTIRE USER PCF

FRCM UNIT R

REWIND UNIT R WITH

INTERLOCK

EXECUTE ARMACR PROGRAM

M IS THE PHASE NUMBER

N IS THE PHASE TYPE

(3 IS THE DATA UPDATE

NUMBER

P IS THE FILE NUMBER OF

THE DATA TAPE

ARMACR UP£ATES FOR PHASE I

ARMACR UPEATES FOR PHASE M

LAST CARD IN THE ARMACR

PHASE UPCATES

INPUT OCTAL VECTOR FROM

IC04

INPUT REFSMMAT FROM 1004

END OF FILE CARD

• INDICATES 718 OVERPUNCH IN COLUMN I
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q.4 THE #RMACR PROCESSORS

THIS SECTION PRESENTS A BRIEF DESCRIPTICN CF THE ARMACR PRQ-

CESSDRS AND THE ON-LINE INPUTS REOUIRED Tq OPERATE EACH PROCESSOR
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q.4.1 CSM EXTERNAL DELTA V MANFUVER PROCESSOR. - THIS PROCES-

SOR WILL BE USED T{") SIMULATF ANY SPS OR RCS MANEUVER FOR WHICH
TI-E BURN OUANITIES HAVE PREVIOUSLY BEEN DETERMII_ED.
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EXTERNAL DELTA V MANEUVER PROCESSER

(FILE 2, UNIVAC IICB)

A. STANDARD ARMACR INPUT QUANTITIES FOR TH-_ EXTERNAL DELTA V

MANEUVER PROCESSOR ARE LISTED BELOW

PHASE (I,0,3,2) = EXTERNAL DELTA V MANEUVER FILE, INITIAL
COAST PHASE

IVECT I

IREFM I

CDRAGI (FP )

AREA (FP )

GET FRS (FP )

OCTAL VECTOR INPUT FLAG

=0 OCTAL VECTOR WILL NOT BE INPUT

=1 ONE OCTAL VECTOR IN BESSELIAN

COORDINATES

-2 TWO OCTAL VECTORS IN BESSELIAN

COORDINATF S

INPUT REFSMMAT FLAG

=0 REFSMMAT WILL NCT BE INPUT

=I ONE REFSMMAT WILL BE INPUT

=2 TWO REFSMMATS WILL BE INPUT

COEFFICIENT OF DRAG (SET 2.0 CN

TAPE )

VEHICLE REFERENCE AREA (SET TO 239.9

ON TAPED

TIME OF RCR IGNITION IN HR,MIN,SEC

(G.E.T.)

PHASE (2,2) = PRECOMPUTE PHASE

G(_O2 I

GC,O& I

EXTERNAL DELTA V FLAG (SET TO 2 ON.

TAPE )

:2 INPUT P-30'S IN LVLH
=3 INPUT P-40'S IN LVLH

=4 INPUT VELOCITY INCREMENT IN ECI

OR MCI
=5 INPUT VELOCITY TO-BE-GAINED ECI

OR MC I

NUMBER OF RCS JETS DURING ULLAGE (SET

TO 4 ON TAPE)

GQ25 (FP) NUMBER OF SECONDS OF RCS ULLAGE MINUS

RCS ULLAGE OVERLAP TIME (SET TO 14.

CN TAPE )

G037 (FP) EXTERNAL DELTA V TARGET INPUTS, DELTA
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SPS IGN (FP )

DVRES (FP)

GAR ES ( FP I

VX, DELTA VY, DELTA VZ, RESPECTIVELY

TIME OF SPS IGNITIOh IN HR,MIN,SECI,

(G.E.T.)

DELTA V RESIDUALS

GIMBAL ANGLES AT WHICH RESIDUALS ARE

READ

PHASE (3,2) = ATTITUDE ORIENTATION/IMU ALIGNMENT PHASE

/DIR I Z-AXIS DIRECTICN (PRESET TO -I IN

PROGRAMI

=-I /-AXIS DOWN AND ASTRONAUT'S

HEADS UP

= 0 Z-AXIS UP AND ASTRONAUT'S HEADS

DOWN

PHASE (4,1) = RCS ULLAGE

ITYPE I OPEN LOOP GUIDANCE (SET TO 11 ON

TAPE)

=C FOR NO RCS ULLAGE

=11 FOR RCS ULLAGE

IRCS I NUMBER OF QUADS FOR RCS ULLAGE (SET

TO 3 ON TAPE)
=I RCS JETS IN QUADS A AND C ARE ON

:2 RCS JETS IN QUADS B AND D ARE Oh

:3 RCS JETS IN QUADS AtBtC AND D

ARE ON

TTRHRS (FP) RCS ULLAGE MINUS RCS ULLAGE OVERLAP IN

HR,MIN,SEC (SET TO C.,0.,14. CN TAPEI

PHASE (5,2) = SPS BUILDUP PLUS STEADY STATE

PHASE (6,21 = SPS TAILOFF

PHASE (7,1} = COAST AFTFR SPS MANEUVER

PHASE (8,2) = COAST TO RUN TERMINATICN

ENDRUN

INPUT OCTAL VECTOR FROM 1004

INPUT REFSMMAT FROM lCC4

EOF END OF FILE CARD
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B. IF THE MANEUVER IS PERFORMED WITHOUT AN ULLAGE, INPUT THE

FOLLOWING ADDITIONAL QUANTITIES

PHASE (I,0,_,2) = EXTERNAL DELTA V MANEUVER FILE, INITIAL

COAST PHASE

GETHRS IFP) TIME OF'SPS IGNITICN IN HR,MIN,SEC

[G.E.T. |

PHASE (2,2) = PRECOMPUTE PHASE

GO06 0 NUMBER OF RCS JETS DURING ULLAGE

G025 O. NUMBER OF SECCNDS OF RCS ULLAGE

PHASE [4,1J = RCS ULLAGE PHASE

ITYPE 0 NO RCS ULLAGE

TTRHRS IFP) RCS ULLAGE PHASE ELAPSE TIME IN HR,

MIN,SEC {SET TO O.,C.,O.)

C. IF THE MANEUVER IS PERFORMED WITH THE SM RCS THRUSTERS,

INPUT THE FOLLOWING QUANTITIES

PHASE 12,2) = PRECCMPUTE PHASE

C.0C5 0

GC)06 0

G023 _FP)

G025 O.

GO41 O.

SPS IGN [FP I

PERFORM RCS SHORT BURN TEST

NUMBER OF RCS JETS LSED DURING ULLAGE

CNBOARD VALLE CF RCS THRUST

(I00 LBS/JET!

NUMBER OF SECONDS OF RCS ULLAGE

ONBOARD VALUE OF SPS TAILOFF

TIME OF SPS IGNITION IN HRtMIN,SEC

(G.E.T. |

PHASE [3,2) = ATTITUDE ORIENTATION/IMU ALIGNMENT PHASE

ENDFPI BCD SFT TO 'DELETE' TO CANCEL PITCH TRIM

TABLE

ENDFYI BCD SET TO IDELETEt TO C_NCEL YAW TRIM

TABLE

PHASE [4,1) = RCS ULLAGE

ITYPE 0 NO RCS THRUST
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TTRHRS (FP) PHASE ELAPS_ TIME IN HR,MIN,SEC

(SET TO O,,Co,0,)

PHASE (5,2) = SPS F_UILDUP PLUS STEADY STATE

GO24 (FP)

ENDFPl BCD

EN.DFYI BCI3

TTABLE (FP)

WRTABL (FP)

ONBOARD VALUE OF RCS I SP

SET TO 'DELETE' TO C%NCEL PITCH TRIM

TABLE

SET TO 'DELETE' TO CANCEL YAW TRIM

TABLE

TOTAL RCS THRt_ST

TOTAL WEIGHT FLCW

PHASE (6,2) = SPS TAILOFF

ITYPE 0 NO SPS TAILI')FF THRLST

TTRHRS (FP) PHASE ELAPSE TIME IK HR,MIN,SEC

(SET TO O°,r.,,0,)
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9.4.? LM EXTERNAL DELTA V MANEUVER PROCESSOR. - THIS PROCES-

S{1R WILL BE USED TO SIMULATE ANY DPSt APSt CR RCS MANEUVER FOR

_HICH THE BURN QUANITIES HAVE PREVIOUSLY BEEN DETERMINED.
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LM EXTERNAL DELTA V MANEUVER PROCESSOR

(FILE 6, UNIVAC 1108)

A. STANDARD ARMACR INPUT QUANTITIES FOR THE EXTERNAL DELTA V
MANEUVER PROCESSOR ARE LISTED BELOW

PHASE (I,0,3,2) = EXTERNAL DELTA V MANEUVER FILE, INITIAL
COAST PHASE

IVECT I OCTAL VECTOR INPUT FLAG

=O OCTAL VECTOR WILL NOT BE INPUT

=I ONE OCTAL VECTOR IN BESSELIAN
COORDINATES

=2 TWO OCTAL VECTORS IN BESSELIAN

COORDINATES

IRFFM I INPUT REFSMMAT FLAG

=0 REFSMMAT WILL NCT BE INPUT

=1 GNE REFSMMAT WILL BE INPUT

=2 TWO REFSMMATS WILL BE INPUT

NV I NUMBER OF VEHICLES (SET TO 2.0 ON

TAPE

CDRAG2 (FP) COEFFICIENT OF DRAG (SET 2.0 ON

TAPE)

AREA(2) (FP) VEHICLE REFERENCE AREA (SET TO 129.4

ON TAPE)

GET HRS ( FP ) TIME OF RCR IGNITION IN HR,MIN,SEC

(G.E.T.)

PHASE (2,2) = PRECOMPUIE PHASE

GO02 I EXTERNAL DELTA V FLAG (SET TO 2 ON.

TAPE )

=2 INPUT P-301S IN LVLH

=3 INPUT P-40'S IN LVLH

=4 INPUT VELOCITY INCREMENT IN ECI

OR MC I

=5 INPUT VELOCITY TO-BE-GAINED ECI

OR MCI

GO06 I NUMBER OF RCS JETS DURING ULLAGE (SET

TO 4 ON TAPE)

G025 ,(FP) NUMBER OF SECONDS OF RCS ULLAGE MINUS

RCS ULLAGE OVERLAP TIME (SET TO [4.

ON TAPE)
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G037 { FP )

SPS IGN (FP )

DVR ES ( FP )

GAR ES ( FP )

EXTERNAL DELTA V TARGET INPUTS. DELTA

VX, DELTA VY, DELTA VZ, RESPECTIVELY

TIME OF SPS IGNITION IN HR,MIN,SEC,

(G.E.T.)

DELTA V RESIDUALS

GIMBAL ANGLES AT WHICH RESIDUALS ARE

READ (Pl TCH,YAW,ROLL)

PHASE (3,2) = ATTITUDE ORIENTATION/IMU ALIGNMENT PHASE

ZDIR I Z-AXIS DIRECTICN (PRESET TO -I IN

PROGRAM)

:-I Z-AXIS DOWN ANE ASTRONAUT'S

FACE LIP

= O Z-AXIS UP AND ASTRONAUT'S FACE

DOWN

PHASE 14,1) = RCS ULLAGE

ITYPE I OPEN LOOP GUII_ANCE (SET TO II ON

TAPE)

:O FOR N(] RCS ULLAGE

=11 FOR RCS ULLAGE

IRCS I NUMBER OF QUADS FOR RCS ULLAGE (SET

TO 3 ON TAPE)

:I RCS JETS IN QUADS A AND C ARE ON

=2 RCS JETS IN QUADS B AND D ARE ON

=3 RCS JETS IN QUACS A,BtC AND D

ARE ON

TTRHRS ( FP ) RCS ULLAGE MINUS RCS ULLAGE OVERLAP IN

HR,MIN,SFC (SET TO 0.,0.,14. GN TAPE)

PHASE (5,2) : DPS BUILDUP PLUS STEADY STATE

PHASE (6,2| = DPS TAILOFF

PHASF (7,I) : COAST AFTER SPS MANEUVER

PHASE (8,2) : COAST TO RUN TERMINATICIk

PHASF (q,2) : COAST AFTER LM MANEUVER

PHASE 11C,2) : COAST AFTER LM MANEbVER

_NCRUN

INPUT OCTAL VECTOR FROM 1004
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INPUT REFSMMAT FROM 1004

EOF END OF FILE CARD

IF THE MANEUVER IS PERFDRMED WITHCUT AN ULLAGE, INPUT THE

FOLtOWING ADDITIONAL QUANTITIES"

PHASF (I,0,3,2) = EXTERNAL DELTA V MANEUVER FILE, INITIAL
COAST PHASE

GETI'RS (FP! TIME OF DPS IGNITION IN HR,MIN,SEC

(G°E.T. l

PHASE (2,2! = PRECOMPUTE PHASE

r.O06 O. NUMBER OF RCS JETS DURING ULLAGE

GO?5 O. NUMBER OF SECCNDS OF RCS ULLAGE

PHASE (4,1) = RCS ULLAGE PHASE

ITYPE O.

TTRHRS (FP)

NO RCS ULLAGE

RCS ULLAGE PHASE ELAPSE TIME IN HR,

MIN,SEC (SET TO O. ,C.,O.I

C. IF THE MANEUVER IS PERFORMED WITH THE SM RCS THRUSTERS,

INPUT THE FOLLOWING QUANTITIES

PHASE (2,2) = PRECOMPUTE PHASE

GO05 O.

GC_6 O.

GC23 (FP)

c.025 O.

GO41 O°

SPS IGN (FP I

PERFORM RCS SHORT BURN TEST

NUMBER OF RCS JETS USED DURING ULLAGE

ONBOARD VALUE OF RCS THRUST

(100 LBSIJET)

NUMBER OF SECONDS OF RCS ULLAGE

ONBOARD VALUE OF SPS TAILOFF

TIME OF SPS IGNITION IN HR,MIN,SEC

(G.E.T.)

PHASE (3,2) = ATTITUDE ORIENTATION/IWU ALIGNMENT PHASE

ENDFP1 BCD SET TO IDELETEI TO CANCEL PITCH TRIM

TABLE

ENDFY1 BCD SET TO eDELETEO TO CANCEL YAW TRIM
TABLE

9-13



PHASE (4,1) = RCS ULLAGE

ITYPE O. NC RCS THRtST

TTRHRS (FP) PHASE ELAPSE TIME I/_ HR,MIN,SEC

(SET TO O,,O.,O.l

PHASE (5,2) = SPS BUILDUP PLUS STEADY STATE

G024 (FP) ONBOARD VALUE OF RCS ISP

ENDFPl RCD SET TO 'DELETE' TO CANCEL PITCH TRIM

TABLE

ENDFY1 BCD SET TO 'DELETE' TG CANCEL YAW TRIM

TABLE

TTARLE (FP| TOTAL RCS THRLST

WRTABL (FP) TOTAL WEIGHT FLEW

PHASF (6,2) = SPS TAILOFF

ITYPE O. NO SPS TAILOFF THRt;ST

TTRHRS (FP) PHASE ELAPSE TIME IN HR,MIN,SEC

(SET TO 0.,0.,0.)
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q.4,3 GFNERAL MANEUVER PROCESSOR

DATA NOT AVAILABLE AT THIS TIME
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q.4.4 MANEUVER EVALUATIGN PROCESSOR, - THF ARMACR MANEUVER

EVALUATION PROCESSOR COASTS A PRE-BURN VECTCR TO THE IMPULSIVE

MANEUVER TIME. THE 200/WORD RECORD IS WRITTEN AI_D IS USED BY

TI_E MONSTER MPT PROCESSOR TO CALCULATE THE P30 DELTA V BURNED

DURING THE MANEUVER,
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MANEUVER EVALUATION FILE

{FILE I, UNIVAC II08)

PHASE (1,0,3t1) = MANEUVER EVALUATICNe PREBURN COAST PHASE

GETHRS (FP) G.E,T. OF THE POST BURN VECTOR TIME

*IVECT 1 INPUT VECTOR FOR CSM VEHICLE

PHASE (2,2) = COAST TO IMPULSIVE MANEUVER POINT

GET HR S (FP )

•NV 2

• IVECT I

•DIREC -I.

• IINTFC I

•TOTOLP -17.

G.E.T. OF IMPULSIVE MANEUVER TIME

TWO VEHICLES

INPUT VECTOR FOR S-IVB (LM) VEHICLE

COAST BACKWARD

WRITE 200-WORD RECORD

SUPPRESS PRINT GROUPS 1-17

•HARS(142) BCD MANEUVER I.C.

PHASE (3,2) = THIRD COAST PHASE

• NTAPE O TERMINATE PRINT

•DIR EC I. COAST FORWARD

PHASE (4,2) = FOURTH COAST PHASE

PHASE (7,2 = SEVENTH COAST PHASE

ENDRUN

INPUT PREBURN OCTAL VECTOR FRCM 1004

INPUT POSTBURN OCTAL VECTOR FROM 10C4

EOF END OF FILE

• INDICATES THESE VALUES ARE PRESET IN THE MANEUVER EVALUATION
DECK,
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9.4.5 CONTINGENCY LANDING AREA (CLAi PROCESSCR. - THIS PRO-

CESSOR WILL BE USED TO DETERMINE THE ORBIT MANEUVER IGNITION

TIME REQUIRED TO ACHIEVE A TARGET LONGITUDE WHICH IS NORMALLY

LOCATED IN A CONTINGENCY LANDING AREA,
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CONTINGENCYLANDING AREA PROCESSC}P

(FILE 7, UNIVAC II08)

A. STANDARD ARMACR INPUT QUANTITIES ARE LISTED BELOW

PHASE (I,0,2l = CLA FILE, INITIAL COAST PHASE

IVECT I

IREFM I

OCTAL VECTOR TNPUT FLAG

= 0 OCTAL VECTOR WILL NOT BE INPUT

= I ONE OCTAL VECTOR IN BESSELIAN
COORDINATES

= 2 TWO OCTAL VECTORS IN BESSELIAN
COORDINATES

INPUT REFSMMAT FLAG

= 0 REFSMMAT W NOT BE INPUT

= I ONE REFSMMAT WILL BE INPUT

= 2 TWO REFSMMAT WILL BE INPUT

PHASF (2,21 = COAST TO SPS IGNITION

PHASE (3,2) = COAST BACK TO RCS ULLAGE

PHASE (4,2) = RCS ULLAGE

PHASE (5,2) = SPS BUILDUP PLUS STEADY STATE

PHASE (6,21 = SPS TAILOFF

PHASE (7t2) = COAST AFTER SPS CUTOFF

PHASE (8t2) = COAST TO SPS IGNITION

*LOOP I ITERATION L(]CP NUMBER

_SELMAT 2 MAX NUMBER CF PARTIAL DERIVATIVE

MATRICES TO BE COMPUTED

_INDEPV INDEPENDENT VARIABLE IN ITERATION

LOOP (GETHRS, PHASE 8)

*DEPV DEPENDENT VARIABLE IN ITERATICN

LOOP (LONGITUDE, rnHA¢¢._=171...

TARGET ( FP ) LONGITUDE TARGET

GETHRS (FP) TIME OF SPS IGNITION IN HRS,MINtSEC
(G.E.To)

PHASE (9,21 = COAST BACK TO RCS ULLAGE

TTRHRS (FP) ULLAGE TIME-ISEC (-SEC)
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Rt]LLl (FP )

ATYPE I

IPTYPE 3

GO12 I0

CSM ATTITUDES

ATTITUDE OPTION

= 3 LVLH ATTITUDES
= I0 GIMBAL ANGLES

= X4 HORIZON MCNITOR

REALIGN IMU (SET CNLY IF REFSMMAT

IS CCMPUTED)

REALIGN IMU TO ATTAIN GIMBAL ANGLES

IN G057 (SET CNLY IF REFSMMAT IS

COMPUTED)

G057 (FP) PITCHt YAW, RCLL_ GIMBAL ANGLES

PHASE (10,2) = RCS ULLAGE

IRCS I NUMBER OF JETS FOR RCS ULLAGE (SET

TO 3 ON TAPE)
= [ RCS JETS IN QUADS A AND C ARE ON

= 2 RCS JETS IN QUADS B AND D ARE ON

= 3 RCS JETS IN QUADS At Bt C AND D

ARE ON

TTRHRS (FP) RCS ULLAGE MINLS OVERLAP IN HR, MIN,

SEC (SET TO 0.,0.,14. ON TAPE)

PHASE (11,2l = SPS BUILDUP PLUS STEAD_ STATE

TXMTOV (FP) TOTAL DELT V GAINED

PHASE (12,2) = SPS TAILOFF

PHASE (13,2) = COAST AFTER SPS CUTOFF

PHASE (14,2) = COAST TO 625K

PHASE (15,2l = COAST TO 400K

PHASE (16,2l = COAST TO XGeS

RKANG (FP) BANK ANGLE FLOW TO SPECIFIED G-LEVEL

(SET TO O ON TAPE)

GLEVEL (FP) G-LEVEL TERMINATION (SET TO ,2 ON

TAPE )

IMASS (FP) ENTRY HEIGHT

PHASE (17,2) = COAST TO 23,3K

FMLT (FP) ENTRY LIFT MULTIPLIER (SET TO ,57358
ON TAPE I
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B. IF A FIXED TIME RCS SEPARATION OR MANEUVER IS REQUIRED,

SET IN ADDITION THE FOLLOWING INDICES

PHASE (2,2) = COAST TO SPS IGNITION

NTAPE 6 PRINT THE FOLLOWING PHASES

GET HR S (FP ) TIME OF RCS IGNITION IN HR, MIN, SEC

(G.E.T.)

PHASE (4,2) = RCS ULLAGE

IRCS I

XMTOV (FP )

ROL L I. (FP )

&TYPE I

IMASS (FP)

NUMBER OF JETS FOR RCS ULLAGE (SET

TO 3 ON TAPE)

= I RCS JETS IN QUACS A AND C ARE ON

= 2 RCS JETS IN QUADS B AND D ARE ON

= 3 RCS JETS IN QUADS At B, C AND D

ARE ON

TOTAL DELTA V FOR THE PHASE

CSM ATTITUDES

ATTITUDE OPTION

= 3 LVLH ATTITUDES

= I0 GIMBAL ANGLES
= 14 HORIZON MONITOR

ENTRY WEIGHT

C. IF A FIXED TIME SPS SEPARATION OR MANEUVER IS REQUIRED,

SFT IN ADDITION THE FOLLOWING INDICES

PHASE (2,2) = COAST TO SPS IGNITION

NTAPE 6 PRINT THE FOLLOWING PHASES

GETHRS (FP) TIME OF SPS IGNITION IN HRS,MIN,SEC

(G.E.T. I

PHASE (3,21 = COAST BACK TO RCS ULLAGE

TTRHRS (FP)

ROL L [ (FP |

ATYPE I

ULLAGE ¥iME-ISEC (-SEC)

CSM ATTITUDES

ATTITUDE OPTION
= 3 LVLH ATTITUDES
= I0 GIMBAL ANGLES
= 14 HORIZON MONITOR
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IMASS (FPI ENTRY WEIGHT

PHASE 14,2) = RCS ULLAGE

IRCS I NUMBER OF JETS FOR RCS ULLAGE (SET

TO 3 ON TAPE)

= 1 RCS JETS.IN QUADS A AND C ARE ON

= 2 RCS JETS IN QUADS B AND D ARE ON

= 3 RCS JETS IN QUADS At B, C AND D

ARE ON

TTRHRS (FP) RCS ULLAGE MINLS OVERLAP IN HR, MIN,

SEC (SET TO O.,0.,14. ON TAPE)

PHASE 15,2) = SPS BUILDUP PLUS STEADY STATE

XMTOV ( FP ) TOTAL DELTA V FOR THE PHASE

TSTOP 0 THIS ALLOWS A DELTA V TERMINATION

PHASE I6,2) = SPS TAILOFF

TTRHRS ( FP ) TAILOFF DELTA T

C. IF A FIXED DELTA T RCS SEPARATION OR MANEUVER IS REQUIRED,

SET IN ACDITION THE FOLLOWING INDICES

PHASE (2,2) = COAST TO SPS IGNTIIOI_

*LOOP 1 ITERATION LOOP NUMBER

*SELMAT 2 MAX NUMBER OF PARTIAL DERIVATIVE

MATRICES TO BE COMPUTED

*INDEPV INDEPENDENT VARIABLE IN ITERATION

LOOP (GETHRS, PHASE 2I

*DEPV DEPENDENT VARIABLE IN ITERATION

LOOP (LONGITUDE, PHASE 171

TARGET (FP) LONGITUDE TARGET

GETHRS (FP) TIME OF SPS IGNITION IN HRStMINtSEC

(G.E.T.)

PHASE 16t2| = RCS ULLAGE

IRCS I NUMBER OF JETS FOR RCS ULLAGE ISET

TO 3 ON TAPE)
= 1 RCS JETS IN QUADS A AND C ARE ON

= 2 RCS JETS IN QUADS B AND D ARE ON

= 3 RCS JETS IN QUADS A, Bt C AND D

ARE ON
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XMTOV (FP) TOTAL DELTA V FCR THE PHASE

RF]LL 1 (FP} CSM ATTITUDES

ATYPE I ATTITUDE OPTICN

= 3 LVLH ATTITUDES
= 10 GIMBAL ANGLES

= 14 HORIZOI_ MONITOR

IMASS (FP) ENTRY WEIGHT

PHASE (B,2) = COAST TO SPS IGNITION

•TSTOP _I SET TO TERMINATE CN A TIME (TTF)

AFTER SEP MANEUVER

F. IF A FIXED DELTA T SPS SEPARATICN OR MANEUVER IS REQUIRED,

SET IN ADDITION THE FOLLOWING INDICES

PHASE (2,2) = COAST T(3 SPS IGNITICN

=_LI}(]P I ITERATION LOOP NUMBER

•SELMAT 2 MAX NUMBER GF PARTIAL DERIVATIVE

MATRICES TO BE COMPUTED

• INDEPV INDEPENDENT VARIABLE IN ITERATION

LOOP (GETHRS, PHASE 2)

_wDEPV DEPENDENT VARIABLE IN ITERATICN

LOUP (LONGITUDE, PHASE 17)

TARGET (FP) LONGITUDE TARGET

GFTHRS (FPI TIME OF SPS IGNITION IN HRS,MIN,SEC

(G.E.T.)

PHASE (3,21 = COAST BACK TO RCS ULLAGE

TTRHRS (FP) RCS ULLAGE MINUS OVERLAP IN HR, MIN,

SEC (SET TO O°tO.,14, ON TAPE)

ROLLi (FP)

ATYPE I

IMAMS (FP)

CSM ATTITUDES

ATTITUDE OPTICN

= 3 LVLH ATTITUDES

= 10 GIMBAL ANGLES

= 14 HORIZOn MC_ITOR

ENTRY WEIGHT

9 -25



PHASE (4t2l = RCS ULLAGE

IRCS I NUMBER OF JETS FOR RCS ULLAGE [SET

TO 3 ON TAPE)

= I RCS JETS IN QUADS A AND C ARE ON

= 2 RCS JETS IN QUADS B AND D ARE ON

= 3 RCS JETS'IN QUADS A, B_ C AND D

ARE ON

TTHRS (FP| RCS ULLAGE MINUS OVERLAP IN HR,MIN,

SEC ISET TO 0. tO. t14. ON TAPE}

PHASE (5,2| : SPS BUILDUP PLUS STEADY STATE

XMTOV ( FP ) TOTAL DELTA V FOR THE PHASE

TST_P 0 THIS ALLOWS A DELTA V TERMINATION

PHASE [6,2} = SPS TAILOFF

TTRHRS ( FP ) TAILOFF DELTA T

*NOTE - THESE CARDS ARE PROVIDED IN THE ON-LINE TRAY.
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9.4.6 CHECKOUT MONITOR, CMC, LGC, AGS, AND IU NAVIGATION UP-
CATES OR LIFTOFF REFSMMAT CAPABILITIES. IF IT IS DESIRED TO PRO-

DUCE A CHECKOUT MONITOR, A CMC, AGS, OR IU NAVIGATION UPDATE OR

LIFTOFF REFSMMAT WITH ANY OF THE ARMACR PROCESSORS PREVIOUSLY
CESCRIBED, TI-E FOLLF)WING ON-LINE INPUTS WILL BE REQUIRED,

A. ACDITIONAL ARMACR INPUT QUANTITIES FOR THE CHECKOUT MONI-

TOR DATA ARE LISTED BELOW

PHASE WHERE CHECKOUT MONITOR IS DESIRED

PHASE (N,M) = ANY PHASE

IC{_M I FLAG TO CALL FOR TFE CHECKOUT

MONITOR

= I VEHICLE I

= 2 VEHICLE 2

= 3 BOTH VEHICLES

ICOMPR I TIME DURING A PHASE AT WHICH THE

CHECKOUT MONITOR IS DESIRED

= I AT THE END OF A PHASE (PRESET

IN PROGRAM TO II

= 2 AT THE BEGI_!NING OF A PHASE

= 3 AT THE BEGINNING AND END OF A

PHASE

_. ACDITIONAL ARMACR INPUT QUANTITIES FOR THE NAVIGATION

UPl]ATE CATA ARE LISTED BELOW

PHASE WHERE NAVIGATION UPDATE IS DESIRED

PHASE (M,M) = ANY PHASE

NAVUPD I FLAG TO CALL FOR NAVIGATION UPDATE
DISPLAY

= 0 NAVIGATION UPDATE DISPLAY WILL

NOT BE GENERATED

-- I NAVIGATIGN UPDATE DISPLAY WILL

BE GENERATED AT THE TERMINAL

POINT CF EACH PHASE IN WHICH

NAVUPD IS INPUT

= 2 LGC NAVIGATICN UPDATE DISPLAY

WILL BE GENERATED AT THE POINT

OF EACH PHASE IN WHICH NAVUPD

IS INPbT

= 3 AGS NAVIGATICN UPDATE DISPLAY

WILL BE GENERATED AT THE TER-

MINAL OF EACH PHASE IN WHICH

NAVUPD IS INPUT
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= 4 CSM AND LGC NAVIGATION UPDATE

- DISPLAY WILL BE GENERATED AT

THE TERMINAL POINT OF EACH

PHASE

= 5 CSR AND AGS NAVIGATION UPDATE

DISPLA.Y WILL BE GENERATED AT

THE TERMINAL POINT OF EACH

PHASE

GETK (FP) ZERO REFEREhCE TIRE OF THE AGS

CEMPUTER (HR _MIN, SEC)

IUNAV I IL TELEMETRY UPDATE DISPLAY WILL BE

GENERATED AT THE TERMINAL POINT OF

EACH PHASE IN WHICH IUNAV IS INPUT

DTGRK (FP) GbIOANCE REFERENCE RELEASE IN SEE

(REQUIRED TO COMPUTE IUNAV)

PHI (FP)

LAMBdA (FP)

GOED LATITUDE OF LAUNCH PAD (REQUIRED

TC CUMPUTE IUNAV}

LCNGITUDE OF LAUNCH PAD (REQUIRED TO

CCMPUTE IUNAVI

LAZ ( FPI LAUNCH AZIMUTH (REQUIRED TO COMPUTE

IbNAV)

IF VENTIN_ IS TO BE CBNSIDERED, INCLUDE THE FOLLOWING

_UANTITIES.

[TURN 2 MAINTAIN THE VEHICLE LVLH ATTITUDe:

SPECIFIED IN THE ALIGNMENT OPTION

AT YP E 3 ALIGN VEHICLE L FROM THE LVLH PLANE

ITYPE IL CPEN LOOP STEERING

TC I,'_T (FPI THRUST PHASE INTEGRATION STEP-SIZE

(SET TO 0.0041666 HRS)

TTAJLE (FP} TABULAR VALUES OF VENTING THRUST

SI TABL ( FP | CONSTANT VALUE OF SPECIFIC IMPULSE
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C, TFE FOLLOWING ADDITIONAL INPUT QUANTITIES ARE REQUIRED TO
COMPUTE THE LIFTOFF REFSMMAT THAT WILL RE USED FROM LIFT-

OFF UNTIL THE I_U IS REALIGNED IN CRBIT, THE FOLLOWING
FIGURE IS THE IU PAD ALIGNMENT,

ZECI

._sATUENC7.. _ H_

EARTH -IMU ,," j

IMU PAD ALIGNMENT
THE ZIMII-AXIS IS ALIGNED WITH THE .r,EFICENTRIC RADIUS VECTOR OF

THE LAIJNCH SITE, THE XIMU-AXIS IS ALIGNED WITH THE LAUNCH AZI-

MUTH VECTOR, AND THE YIMU-AXIS COMPLETES THE RIGHT-HAND COOR-

OINATE SYSTEM.
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THE LIFTOFF REFSMMAT BASED ON THE IMU ALIGNMENT AT LIFTOFF

WILL BE COMPUTED IN PHASE ONE, THE FOLLOWING ARE REQUIRED,

ATYPE( 3 I 5

ROLL3 ( FP )

LAZ (FP )

GETVEC (FP)

HRS (FP )
MINS (FPI

SEC S (FP )

COMPUTE LIF'IOFF REFSMMAT

IMU ALIGNMENT AT LIFTOFF {SET TO
0.,-90.,0. I

FLIGHT AZIMUTH

TIME OF LIFTOFF IN HR,MIN,SEC

(G,E,To)

HOUR OF LIFTOFF (G,M,T,I

MINUTES OF LIFTOFF (G,M,T.)

SECONDS OF LIF'TOFF (G,M,T,)
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9.4,T IU TELEMETRY VECTOR CONVERSICh PRCCESSOR. - THIS PR{}-

CESSOR WIll CONVERT AN INPUT VECTOR IN IU TELEMETRY PLATFORM
COORDINATES TO ECI BESSELIAN COORDINATES EITHER AT THE INPUT
VECTOR TIME OR PROPAGATE TO A POINT, THE OUTPUT WILL BE IN THE

FCRM EIF: A CFECKOUT MONITOR SUMMERY SHEET.
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IU TELEMETRY VECTOR CONVERSICN

(FILE I, UNIVAC IIC8)

A. STANDARD ARMACR INPUTS TO CONVERT AN IU TELEMETRY VECTOR

TO ECI ARE AS FOLLOWS

PHASE (I,0,3,1) = GENERAL PURPOSE FILE, INITIAL COAST PHASE

ISCALE I

OSCALE 4

INJ ECT 41

GMTVEC ( FP )

XPL ( FP )

YPT ( FP I

ZPL ( FP )

DXPL ( FP )

DYPL ( FP I

DZPL (FP)

IMASS (FP )

LAZ (FP l

ICOM I

ICGMPR 2

DTL ANC (l:p I

INPUT UNITS ARE IN KM AND KM/SEC

OUTPUT UNITS ARE FEET AND FEET PER

SEC

VECTOR INPUT FLAG (IU PLATFORM

STABLE

INPUT VECTOR TIt_E II_ HR,MIN,SEC

(G.M.T.)

POSITION VECTOR IN KILOMETERS

(X,Y,ZI

VELOCITY VECTOR Ik KMISEC (DX,DY,DZI

VEHICLE WEIGHT IN LOS

LAUNCH AZIMLTH IN DEGREES

CALL CHECKOLT MCNITCR FOR VEHICLE I

CHECKOUT MCNITOR AT START OF PHASE

GMTZS-GMTIUGRR IN HRS POSITIVE

NUMBER

B. IF THE INPUT VECTOR IS PRnPAGATED TO A TIME, INPUT THE

ADDITIONAL FOLLOWING INSTRUCTIONS

GET HRS ( FP I

AREA (FP I

IC_MPR 3

TERMINATION TIME iN HR,M|NtSEC

(G.E.T.)

REFERENCE AREA IN FEET SQUARED

OUTPUT CHECKOUT MCNITOR AT BEGIN-

NING AND END OF PHASE
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9,4.8 RAEAR TRACKING AND SUMMARY. - THIS PROCESSOR GENERATES
RACAR TRACKING DATA FOR EACH SPECIFIED RADAR STATION AT EVERY

PRINT POINT. AFTER ALL TRACKING DATA HAS BEEN GENERATEDt SUMMARY

OF ACQUISITION AND LOSS OF DATA FOR EACH RADAR STATION CAN BE
GF_ERATED.

A. ACDITION ARMACR INPUT QUANTITIES FOR RADAR TRACKING
ARE LISTED BELOW

PHASE if,O,3,1| = GENERAL PURPOSE FILE

IVECT I OCTAL VECTOR INPUT FLAG

IREFM I INPUT REFSMMAT FLAG

PHASE (NtM) = PHASE WHERE RADAR TRACKING EATA IS GENERATED

NODRUM I

TUTALP -17°

TITLE -I.

IPR INT I

ITHPR I

TCINT ( FP )

CINE (FP|

.CINNE (FP)

CINL (FP)

CINNL (FPI

RADPRT (FP )

ASSIGN INTERNAL PRINT UNIT TO UNIT Y

SUPPRESS PRINT GROUPS I-I7

SUPPRESS IML PRINT BLOCK

PRINT FREQUENCY OF RADAR TRACKING

PRINT FREQUENCY OF RADAR TRACKING

INTEGRATION STEP SIZE FOR THRUSTING

PHASE (HR t

INTEGRATION STEP SIZE FOR NEAR EARTH

COASTING PHASE (HR)

INTEGRATION STEP SIZE FOR FAR EARTH

COASTING PHASE (HR|

INTEGRATION STEP SIZE FOR NEAR MOON

COASTING PHASE (HR)

INTEGRATION STEP SIZE FOR FAR MOON

COASTING PHASE (HR)

RADAR OUTPUT INDICATOR

= I. PRINTS RADAR TRACKING DATA FOR

ALL VISIBLE STATIONS AT PRINT

POINTS

= 2, PRINTS RADAR ACQUISITION AND

TERMINATION EVENTS AND TIME OF
OCCURENCE
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PRRAD 2.

RADAR I

= 3. PRINTS RADAR OUTPUT AND RADAR

EVENTS (OPTICNS I+2)

= 4, PRINIS RADAR OUTPUT AND RADAR

EVENTS (OPTICN I+2) PLUS VEHI-

CLE STATE VECTCR AT EVENT

POINTS (PRINT GROUPS MUST BE

SET)

= 5. PRINTS RADAR OUTPUT, RADAR

EVENTS, VEHICLE STATE VECTOR AT

EVENTS, AkD ACQUISITIGN TERMIN-

ATION SUMMARY IF PRRAD IS SET

RADAR SUMMARY PRINT AND TAPE ARE

GENERATED FROM DATA COMPUTED FOR

EACH RADAR STATION THAT IS TRACKING

AND TERMINATES

NUMBER OF RADAR STATION STORED ON

HCF TAPE OR STATICN NAME AND CHARC-

TERISTICS IF STATIONS ARE INPUT

MANUALLY

I_. IF THE PRINT TAPE CONTAINING THE RADAR TRACK DATA IS TO BE

SAVED FOR FURTHER PROCESSING BY ANCTHER PROGRAM, INCLUDING

THE FOLLOWING INPUT QUANTITIES

ASG L = SAVE RADAR TRACKING TAPE

ASG Y = Y ASSIGN TO TAPE I/NIT

PHASE IN,M) = PHASE WHERE RADAR TRACKING DATA IS GENERATED

PRRAD 2.

STATION NUMBERS DESIRED ON TAPE

PRINT RADAR TRACKING AND ACQ-LOSS

SUMMARY GENERATE RADAR SUMMARY TAPE

GENERATE RADAR SUMMARY TAPE
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Q,4. q EPI-EMERIS TAPE GENERATOR. - THIS PRCICESSOR WILL BE USED

T{I GFNFRATP_ AN EPHEMERIS TAPE FOR USE BY THE APOLLO GENERALIZED

q3PTICS PROGRAM AND THE WORK SCHEDULE PRCCESSOR. THE STANDARD

OUTPUT UNIT FOR THIS EPHEMERIS IS Q (20l. THE TAPE MAY BE GENER-

ATED IN C(3NJUNCTION WITH ANY ARMACR RUN BY SETTING THE APPROPRI-

ATE FLAGS,

A. ADDITIONAL ARMACR INPUT OUANTITIES FOR THE EMPHERIS TAPE

GENERATOR ARE LISTED BELOW

PHASF wHERE EPHEMERIS OUTPUT IS DESIRED

PHAS._ (N,M) = ANY PHASE

IEPFEM 1

CINE I

CINNE

CINNL I

CINL I

TURN ON EPHEMERIS GENC_RATOR

•DEPENDING CN THE PROXIMITY OF THE

• EARTH OR MCON ALL CF THESE SHOULD

WWBE SET TO THE DESIRED INTEGRATION

w_STEP SIZE, SINCE ARMACR OUTPUTS A

=POINT FOR EACH STEP,

PHASE WHERE NO EPHEMERIS OUTPUT IS DESIRED

PHASE (N,M) = ANY PHASE

IEPI-EM 0 TURN OFF EPHEMERIS CUTPUT

B, W_NC)TE IEPI-EM REMAINS CN OR OFF UNTIL RESET
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(_,4,10 PqSTFLIGHT EPHEMERIS TAPE GENERATOR, - THIS PROCESSOR

WILL BE USED TO GENERATE AN EPHEMERIS TAPE FOR USE IN POSTFLIGT

ANALYSIS, THE PROCESSOR GENERATES THE VARIABLE FORMAT TAPE

WI41CH IS THEN REPROCESSED BY A POST PROCESSCR TO PLACE THE VAR-

IABLES IN ThE FORMAT SPECIFIED FOR POSTFLIGHT ANALYSIS,

A, Acr)ITIONAL ARMACR INPUT QUANTITIES FOR THE EPHEMERIS TAPE

GENERATOR ARE LISTED BELOW

ASG Y = Y

ASG F = SAVE

ASSIGN TO TAPE UNIT

PCST FLIGHT EPHEMERIS TAPE

PHASE(I,0,3,1) = GENERAL PURPOSE FILE

IVECT I OCTAL VECTOR INPUT FLAG

IREFM I INPUT REFSMMAT FLAG

PHASE (N,M) = EVERY PHASE WHERE POSTFLIGHT EPHEMERIS IS

GENERATED

NODRUM I

OSC AL E 4

VL I ST (BCD)

IPR INT I

TOTALP -17,

TITLE -I,

ITHPR I

TCINT (FPI

CINE (FP)

CINNE (FP)

ASSIGN INTERNAL PRINT UNIT TO UNIT Y

CUTPUT UNITS ARE FEET AND FTISEC

VARIABLES TO BE WRITTEN ON THE VAR-

IABLE FORMAT TAPE (MUST BE INPUT IN

EVERY PHASE WHERE TAPE IS DESIRED)

PRINT FREQUENCY OF VARIABLE FORMAT

TAPE

SUPPRESS PRINT GROUPS 1-17

SUPPRESS IML PRINT BLOCK

PRINT FREQUENCY OF VARIABLE FORMAT

TAPE FOR THRUSTING PHASES

INTEGRATION STEP SIZE FOR THRUSTING

PHASE (HRI

INTEGRATION STEP SIZE FOR NEAR EARTH

COASTING PHASE (HRI

INTEGRATION STEP SIZE FOR FAR EARTH

COASTING PHASE IHR)
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CINL

C INNL

IFP)

IFP)

INTEGRATION STEP SIZE FOR NEAR MOON

COASTING PHASE IHR)

INTEGRATION STEP SIZE FOR FAR MOON

COASTING PHASE (HR)

9-39



O. =; INPUT VARIABLE DESCRIPTIONS

ATTITUDE OPTIONS

!. ALIGN FORM THE L{]CAL HORIZONTAL

ATYPE 3

R['LL(I ) (FP)

R[ILL(2) (FP|

PnLL(3} (FP)

ALIGN VEHICLE I FRCM THE LVLH PLANE

YAW ANGLE FROM THE VELOCITY VECTOR

PROJECTION IN THE LVLH PLANE

PITCH ANGLE FRCM THE LVLH PLANE

ROLL ANGLE ABOUT THE RESULTANT

X-AXIS

,_. ALIGN USING REFSMMAT AND GIMBAL ANGLES

ATYPE ]O

ROLL ( 1 I ( FP }

Pr)LL( 2 ) (FP )

ROLL(3) (FP)

IRFFM I

ALIGN VFHICLE BASE CN IMU ALIGNMENT

PITCH GIMBAL ANGLE (INNER)

YAW GIMBAL ANGLE (MIDDLE)

RCLL GIMBAL ANGLE (CUTER)

INPUT REFSMt/AT IN GEMMV FORMAT AFTER

ENDRUN CARD

IF RFFSMMAT IS INPUT IN STANDARD ARMACR FORMATt INCLUDE THE

FOLLOWING VARIABLES IN PLACE OF IREFM

ATYPE3 2

RAX IS3 ( FP )

PAX IS3 (FP)

YAXIS3 (FP)

REALIGN IMU TO INPUT REFSMMAT

FIRST ROW OF REFSMMAT (THREE QUANTI-

TIES SEPARATED BY CCMMASI

SECOND ROW OF REFSMMAT (THREE QUAN-

TITIES SEPARATED BY COMMAS)

THIRD ROW OF REFSMMAT (THREE QUANTI-

TIES SEPARATED BY CCMMAS|
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3. ALIGN FROM THE LINE-OF-SIGHT TO THE HCRIZON

ATYPE 14

RMODEL 0

1

1

-1

LKDIR

ROLL( !) (FP )

ROt L( 2 ) (FP )

ROLL(3) (FP)

ALIGN VEHICLE 1 FRCI_ THE LINE-OF-

SIGHT TO THE HORIZON

SPHERICAL EARTH MODEL (NOMINAL

VALUEI
OBLATE EARTH MODEL

ALIGN TO HORIZCN FORWARD (NOMINAL

VALUE )

ALIGN TO HORIZCN AFT

YAW ANGLE FROM CRBIIAL PLANE

PITCH ANGLE FRCM LIkE-OF-SIGHT TO

HOR IZON

ROLL ANGLE ABOUT LIkE-OF-SIGHT TO

HORIZON

4. ALIGN THE THRUST VECTOR USING LVLH ATTITUDES, GIMBAL
ANGLES, AND FNGINE TRIM ANGLES (COMPUTE REFSMMAT)

ATYPE 3

ROLL(ll (FPI

ROLL(2) (FP)

ROLL(3) (FP)

IPTYPE 3

GC12 10

G057 (FP)

IAL GN O

ENDFPA (FP )

ALIGN VEHICLE I FRCI_ LVLH PLANE

YAW ANGLE FROM THE VELOCITY VECTOR

PROJECTION IN THE LVLH PLANE

PITCH ANGLE FRCM THE LVLH PLANE

ROLL ANGLE ABOUT TI_E RESULTANT

X-AXIS

REALIGN THE IMU

ALIGN THE IMU SO THAT THE GIMBAL

ANGLES SPECIFIED IN GO5T ARE

ATTAINED

PITCH, YAW, AND ROLL GIMBAL ANGLES

DESIRED AFTER REALIGNMENT OF THE IMU

(THREE QUANTITIES SEPARATED BY COM-

MAS )

DEFLECT THE VEHICLE FROM THE THRUST

VECTOR BY THE ENGINE DEFLECTION

ANGLES

ENGINE PITCH TRIM ANGLE (CONSTANT

VALUED
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FNDFYA [ FP )

GII IDANCE OPTIONS

ENGINE YAW TRIM ANGLE (CONSTANT

VALUE )

1. EXTFRNAL DELTA V

IPTYPE 2

G( 0 " I

Gr,?2 0

Gr 2 3 (_P )

on2? (FP l

G(""_7 {FPI

INAV I

EXTERNAL DELTA V [INPUT) TARGETING

(USED IN PRECOMPUTE PHASE PRIQR TO

AN EXTERNAL DELTA V MANEUVER

FXTERNAL DELTA V FLAS

= 2 INPUT P-30'S IN LVLH

= 3 INPUT P-40°S I_ LVLH

= 4 INPUT VELOCITY INCREMENT IN

ECI OR MCI

= 5 INPUT VELOCITY-TO-BE-GAINED

ECI OR MCI

CROSS PRODUCT STEERING CONSTANT

SPS THRUST MAGNITUDE USED IN THE

ONBOARD GUICANCE LOGIC

TIME OF SPS IGkITIO_ IN HRS (G.E,T.}

EXTERNAL DELTA V CCMPCNENTS

(VX,VY,VZ)

AVERAGE-G INTEGRATICN ROUTINE, INI-

TIALIZING TO ACTUAL STATE VECTOR

2. 3RBITAL RATE

ITURN 2

_. [IP_PJ L_OP

ITYPE 11

TTR ( FP )

XNqT OV ( FP )

TXMTOV (FP)

MAINTAIN THE VEHICLE LVLH ATTITUDE

SPECIFIED IN THE ALIGNMENT OPTION

CALLS OPEN LOOP STEERING

THRUST DURATICN IN SECCNDS

TOTAL DELTA V GAINEE IN A PARTICULAR

PHASE

TOTAL DELTA V GAINED DURING A SUC-

CESSION OF THREE THRUSTING PHASES

[ULLAGE + STEAD_ STATE + TAILOFF).

IN SPS STEADY STATE PHASE INCLUDE

G023 AND GO25,
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IDELVX I TERMINATE THRLSTING WHEN DELTA V

ALONG X-AXIS EQUALS XMTOV

f) TERMINATE THRUSTING WHEN DELTA V

ALONG VELOCITY VECTOR EQUALS XMTOV

PRIMARY PHASE.TERI_INATICNS

TYPE VALUE MOON

OF OF OR

TERMINATION TSTOP EARTH REF

CRBIT

COUNT

CENTRAL BODY

LONG ITUDE

ALTITUDE

INERTI AL

FL IGHT-PATH

A_GL E

3 MOON

13 EARTH

4 MOON

14 EARTH

7 MOON

17 EARTH

8 MOON

18 EARTH

PERIAPSIS B MOON

1B EAR TH

APF_A PS IS I MOON

II EARTH

PHASF TIME

LAPSE m_

MOON

EARTH

9-43

ADDITIONAL VARIABLES

REQUIRED

OMAX - PHASE ORBIT COUNT OR

TOMAX - TOTAL ORBIT COUNT

CMAX - ORBIT NO OF LONG TER-

MI NATI ON

LONSTP - DESIRED TERMINAL

LONGITUDE

RALTFT- ALTITUDE ABOVE A

SPHERICAL MOON OR

OBLATE EARTH

ISCALE - UNITS OF ALTITUDE

MUP - ASCENT OR DESCENT TER-

MINATION

=C DESCENDING (NOMINAL

VALUE)

=I ASCENDING

GAMLUN - DESIRED SELENOCEN-

TRIC FLIGHT PATH-

ANGLE (DEG|

GAMETH - DESIRED GEOCENTRIC

FLIGHT-PATH ANGLE

(DEG)

GAMLUN = O. INERTIAL FLIGHT

PATH-ANGLE AT

PERILUNE

GAMETH = O. INERTIAL FLIGHT-

PATH ANGLE AT

PERIGEE

GAMLUN = O. INERTIAL FLIGHT-
PATH ANGLE AT

APOLUNE

GAMETH = O. INERTIAL FLIGHT-
PATH ANGLE AT

APOGEE

TTR - PHASE TIME LAPSE |HRS

FOR COAST, SEC FOR

THRUST PHASE|



C-EgGRA PHI C
FLIGHT PATH
_NGL E

lq EAR TH

ZFRI_ PHASE 23 MOGN
TIME LAPSE 23 __ARTH

TTRHRS - PHASE TIME LAPSE IN

HRStMINSt SECS

{PCSITIVE FOR INTE-

GRATICN FORWARD,

NEGATIVE FOR INTE-

GR_TICN BACKWARD)

G_.TI-IRS- TOTAL ELAPSED TIME

(G.E.T,I IN HRS,

MII_S, SECS (PROGRAM

WILL AUTOMATICALLY

SET INTEGRATION

DIRECTION}

GAMETH - DESIRED EARTH RELA-

TIVE FLIGHT PATH

ANGLE (DEG)

TTR = O. ZERO PHASE TIME
LAPSE

tINTTS nF INPUT AND OUTPUT QUANTITIES

ISCALE I CONTROLS THE UNITS OF INPUT QUANTI-

TIES. DISTANCE IS MEASUREZ) IN THE

UNITS BELOW, AND VELOCITY IN THOSE

UNITS PER SECDI_D

= I KILOMETERS

= 2 INTERNATICNAL STATUTE MILES

= 3 U.S. NAUTICAL MILES

= 4 INTERNATICNAL FEET

= 5 DISTANCE IS MEASURED IN EARTH

RADII AND VELOCITY IN EARTH

RADII PER HOUR.

= 6 DISTANCE IS MEASURED IN INTER-

NATIONAL STATUTE MILES AND VEL-

OCITY IN II_TER_ATIONAL FEET PER

SECOND.

= 7 DISTANCE IS MEASURE IN U.S.

NAUTICAL MILES AND VELOCITY IN

INTERNATICNAL FEET PER SECOND.
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nSCALE I CCNTRDLS THE UNITS CF OUTPUT QUANTI-
TIES. DISTANCE IS MEASURED IN THE
UNITS BELOW, AND VELOCITY IN THOSE
UNITS PER SECCND°

= 1 KILOMFTERS

= 2 INTERNATICNAL STATUTE MILES

= 3 U.S. NAUTICAL MILES

= 4 INTERNATICNAL FEET

= 5 DISTANCE IS MEASURED IN EARTH

RADII AND VELOCITY IN EARTH

RADII PER HOUR.

= 6 DISTANCE IS MEASURED IN INTER-

NATIONAL STATUTE MILES AND VEL-

OCITY IN INTERNATIONAL FEET PER
SECOND °

= 7 DISTANCE IS MEASURE IN U.S.

NAUTICAL MIL__S AND VELOCITY IN

INTERNATICNAL FEET PER SECOND°

EARTH AND MCON REFERENCE OPTIONS

INJFCT I SPECIFIES REFERENCE BODY AND INPUT
COORD[NATE SYSTEM

= I0 INERTIAL GEOCENTRIC CARTESIAN

RESTART CCORDI NATES

RXYZ = X,Y,Z COMPONENTS OF RE-

START POSITION IN UNITS

OF EARTH RADII (DOUBLE
PRECI SIONI

RDXYZ = XtY,Z COMPONENTS OF

RESTART VELOCITY IN
UNITS OF EARTH RADII

PER HOUR (DOUBLE

PRECISICN)

= 11 INERTIAL GEOCENTRIC CARTESIAN

COORDINATES. ISCALE CONTROL
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INPUT UNITS.
X = X CCMPONE_T OF POSITION

Y = Y CCMPONENT OF POSITION

Z = Z COMPONENT OF POSITION

DX = X COMPCNENT OF VELOCITY

DY = Y CCMPONENT OF VELOCITY

DZ = Z CCMPCNENT OF VELOCITY

= 20 INERTIAL SELE_OCENTRIC CAR-
TESIAN RESTART COOROINATES

RXYZ = X,Y,Z C_MPONENTS OF RE-

START FOSITION IN UNITS

OF EARTH RADII (DOUBLE

PRECISION)

RDXYZ = X,Y,Z COMPONENTS OF

RESTART VELOCITY IN

UNITS OF EARTH RADII

PER HOUR (DOUBLE

PRECISION)

= 21 INERTIAL SELE_OCENTRIC CAR-

TESIAN COORDINATES. ISCALE

CONTROLS INPUT UNITS.

XL = X CGMPCNFNT OF POSITION

YL = Y CCMPCNENT OF POSITION
ZL = Z CCMPCNENT OF POSITION

DXL = X CCMPC_ENT OF VELOCITY

DYL = Y COMPCNENT OF VELOCITY

DZL = Z COMPCNENT OF VELOCITY
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I_. OPERATING INSTRUCTIONS FOR THE APOLLO REFERENCE MISSICN

PROGRAM (ARMACR| POST PROCESSORS.

10.1 GENERAL

THE _RMACR POST PROCESSOR IS A PROGRAM THAT IS AUTOMATICALLY

EXFCUTED AFTER THE AR_ACR TRAJECTORY PRCGRAM HAS GENERATED AND

STORED THE NECESSARY INPUT DATA ON A TAPE. THERE ARE PRESENTLY

TNRFE POST PROCESSORS REPORT GENERATOR (GROUND TRACK, RELATIVE

MF_TION, REFSMMAT TO REF_MMAT, DOCKED ALIGNMENT, OPEN HATCH

TNERMAL CONTROL), APOLLO REENTRY SIMULATION (ARS), AND THE

GIJICANCE OPTICAL SIGHTING TABLE (GOSTI.

10.2 THE ARMACR POST PROCESSORS

THIS SFCTION PRESENTS A BRIEF DESCRIPTIC_ OF THE ARMACR POST

PROCESSORS ALONG WITH A LISTING OF THE CONTROL CARDS AND THE ON-

LINE INPLITS REQUIRED TO OPERATE EACH PROCESSOR.
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10.2.1 REPORT GENERATOR PROCESSOR. - THIS PRCCESSOR IS USED

TO F!IJTPUT TABULAR DATA IN A DESIRED FORMAT. THE DATA, A MAXIMUM

OF 13 VARIABLES PER TABLE, ARE OBTAINED FRZM THE VARIABLE FORMAT

TaPE C_NERATED BY ARMACR AND OUTPUT IN THE FORMAT SPECIFIED IN

TI-E REPORT GENERATOR.

a. T_PE SETUP FOR THE UNIVAC 1108 PROCESSING SYSTEM

TAPE UNIT TAPE DESCRIPTION

A

F

I

R

U

Y

REPORT GENERATOR [PCF) PROGRAM TAPE

SCRATCH TAPE

EPHEMERIS TAPE

ARMACR PROGRAM (PCF) TAPE

DATA TAPE

SCRATCH TAPE
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B• CONTROL CARD LISTING FOR THE UNIVAC 1108 CATA

PROCE SS ING SYSTEM

C _LI, JMN I 4 8

MSG

ASG A=XXXX

ASG F

ASG I:$EPHEM

ASG R=XXXX

ASG U=XXXX

ASG Y

XOT CUR

TRW R

IN R

EN XQT ARMACR

ENF)RUN

X QT CUR

ERS

TRW A

IN A

TRI A

N XOT REPORT

EOF

CCMMENTS

REPORT GENERATOR PROGRAM

(PCF) TAPE

SCRATCH TAPE

SINGLE pRECISION EPHEMERIS

TAPE

ARMACR PQOGRAM (PCF) TAPE

ARMACR DATA TAPE

SCRATCH TAPE

EXECUTE THE FOLLOWING

INSTRUC T ICNS

REWIND UNIT R

INPUT THE ENTIRE USER PCF

FROM UNIT R

SCURCE LANGUAGE CORRECTIONS

(PATCHES)

ARMACR DATA CARDS

END CF ARMACR DATA

EXECUTE THE FOLLOWING

I _,STRUCTI [NS

ERASE LAST PROGRAM FROM

MEMORY

REWIND UNIT A

INPUT THE ENTIRE USER PCF

FROM I_NIT A

REWIND UNIT A WITH

INTERLOCK

EXECUTE REPORT GENERATOR

REPORT GENERATOR DATA CARDS

END _F FILE CARD
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Co

INPlITS TO THE REPORT GENERATOR PR(]CESSOR. THE FOUR OPTION
CAnDS ARE LISTED BELOW WITH THE REMAINING FORMAT CARDS
C{}NTAINED IN THE ON-LINE DECKS.

COLUMN

CARD I NUMBER OF CASES (INTEGER|

CPTION TO START PROCESSING THE NTH

RECORD INSTEAD CF TPE FIRST RECORD

(USED IN CONJUNCTIO_' WITH CARD 4|

AND TO CREATE CNLY CNE TABLE FOR
MULTIPLE PHASES.

= O NO OPTICN

= I BEGIN PROCESSING WITH THE NTH

RECORD, AND CREATE ONLY ONE

TABLE PER CASE

= 2 BEGIN PROCESSING WITH THE NTH

RECORD, BUT BEGIN TABLE HEAD-

INGS ON A NEW PAGE FOR EACH
PHASE

7-9 FILE NUMt_ER ON THE DATA TAPE IN

WHICH CARDS 5-40 ARE LOCATED.

=N FILE NUMBER

=0 CARCS 5-4C ARE READ FROM CARD READER

CAR I] 2 I-3 NUMBER OF TABLES (INTEGER)

4-6 TOTAL NUMBER OF PHASES (INTEGERI
POSITIVE NUMBER = PHASE TO BE PRO-

CESSED ARE LISTED

ON CARD 3
NEGATIVE NUMBER = ABSOLUTE VALUE IS

NUMBER OF CONSECU-

TIVE PHASES TO BE
PROCESSED STARTING

WITH PHASE SPECI-

FIED IN COL i-2 OF

CARD 3.

CAR P. 3 I-2
3-4

5-6

FIRST PHASE TO BE PROCESSED

SUCCESSIVE PHASES TO BE PROCESSED

IF THE NUMBER IN COLUMNS 4-6 OF

CARD 2 IS PCSITIVE

CAR_ 4 I-3 DATA RECORDS TO BE bSED FOR EACH
PHASE

= POSITIVE CR ZERO, THE DATA RECORD

TO BE USED FOR ADDITIONAL PHASES

MUST BE SPECIFIED IN COL 4-73.

=-I, SAME I]ATA RECCRD OPTION FOR
ALL PHASE

=-2,-3,-4,ETC, EVERY 2ND,3RDtATHt
ETC., DATA RECORD WILL BE USED TO

GENERATE THE TABLE
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CARD 5-N THE FORMAT CARDS ARE SET IN THE

APPROPRIATE ON-LINE DECKS.

CARD 40 I-6 THE FOLLOWING CENVERSION

7-12 OPTIONS AVAILABLE IN ADDITION TO

THOSE LISTED ON 15-3.3

r). INPUTS TO GROUND TRACK PROCESSOR (ARMACR) &RE LISTED BELOW

PHASE(N,M) = PHASE WHERE GROUND TRACK IS CALLED

TCINT (FP}

CINF (FP)

CINNE ( FP )

CINL (FPI

CINNL (FP)

IPR INT I

OSCALE 7

TOT ALP -IT.

TITLE -I.

INTEGRATION STEP SIZE FOR THRUSTING

PHASE (SEC)

INTEGRATION STEP SIZE FOR NEAR-EARTH

COASTING PHASE (HR)

INTEGRATION STEP SIZE FOR FAR-EARTH

COASTING PHASE (HRI

INTEGRATION STEP SIZE FOR NEAR-MOON

COASTING PHASE (HR)

INTEGRATION STEP SIZE FOR FAR-MOON

COASTING PHASE (HR)

PRINT FREQUENCY MULTIPLIER

OUTPUT UNITS ARE N l_I AND FPS

SUPPRESS ARMACR PRINT

SUPPRESS ARI_ACR PRINT

EO

VLISTI (BCD) VARIABLE TO BE WRITTEN ON THE VARIABLE

FORMAT TAPE

=T,KDAYS, KHRS,KMI NS,SEC, LAT,LON,

ALT,AZ,ENDLST

INPUTS TO THE RELATIVE MOTION PROCESSOR (ARMACR). THIS

PROCESSOR WILL BE USED TO COMPUTE THE RELATIVE MOTION OF

TWO VEHICLES AND OUTPUT THE RELATIVE MOTICN DIGITALS DIS-

PLAY. THE INPUTS ARE LISTED BELOW.

PHASE(N,M) = PHASE WHERE RELATIVE ROTICN IS CALLED

TCINT (FP) INTEGRATICN STEP SIZE FOR THRUSTING

PHASE (SEC)

CINE ( FP i INTEGRATICN STEP SIEE FOR NEAR-EARTH

COASTING PHASE (HR)
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CINNE IFPI INTEGRATICN STEP SIZE FOR FAR-EARTH

COASTING PHASE IHR)

C INL IFP ) INTEGRATION STEP SIZE FOR NEAR-MOON

COASTING PHASE (HRI

C INNL (FP ) INTEGRATION STEP SIZE FOR FAR-MOON

COASTING PHASE (HR)

IPRINT I PRINT FREQUENCY MULTIPLIER

{)SCALE 7 OUTPUT UNITS ARE N MI AND FPS

TOTALP -17. SUPPRESS ARMACR PRINT

TITLE -I. SUPPRESS ARPACR PRIkT

VL I ST I !BCOI VARIABLES TO BE WRITTEN ON THE VAR-

IABLE FORMAT TAPE

=TtRANGE,RRATE,RCZtRCX,RCY_ENDLST

F. INPUTS IARMACRI TO THE REFSMMAT TO REFSMMAT PROCESSOR.
THIS PROCESSOR COMPUTES A LVLH SPACECRAFT [CSM AND/OR LMI

ATTITUDE BASED ON A PREFERRED REFSMMAT AND 0,0,0 GIMBAL

ANGLES. THIS LVLH ATTITUDE AND A NEW INPUT REFSMMAT ARE

USED T{l COMPUTE THE CORRESPONDING GIMBAL ANGLES.

PHASE (N,MI = ALIGN TC PREFERRED LVLH ATTITUDE

*ATYPE I II 10 ALIGN SPACECRAFT BASED ON REFSMMAT

AND GIMBAL ANGLES

IVECT I READ STATE VECTOR IN 1004 FORMAT

=I INPUT ONE VECTOR

=2 INPUT TWO VECTORS

RnLL1 (FP) GIMBAL ANGLES SET TCO. tO. tO.

(IGAtMGAtOGAI

IREFM I INPUT PREFERRED REFSMMAT IN 1004
FORMAT

= 1 ONE REFSMMAT WILL BE INPUT

= _ TWO REFSMMATS WILL BE INPUT

GETHRS (FP I TIME (HR,MIk,SECI AT WHICH GIMBAL

ANGLE COMPUTATION IS DESIRED

BGEND 1 PRINT FIRST AND LAST POINT IN EACH

PHASE

NV I NUMBER OF VEHICLES

VLISTI (BCDI VARIABLES TO BE WRITTEN ON THE VARI-

ABLE FORMAT TAPE FOR VEHICLE I

=IGA,MGA,OGA,RFIDII,RFIDI2,ENDLST*
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VLIST2 IBCDI VARIABLES TC BE WRITTEN ON THE VARI-

ABLE FORMAT TAPE FOR VEHICLE 2

=I GA,MGA,OGA,RF ID21 ,RFI D22, ENDLST*

PHASE (N*I,M) = COMPUTE IMU GIMBAL ANGLES eASED ON NEW INPUT

REFSMMAT

*ATYPE(I÷2) 2

IREFM I

ALIGN IMU BASED ON INPUT REFSMMAT

INPUT PREFERRED REFSMMAT IN 1004
FORMAT

= I ONE REFSMMAT WILL BE INPUT

= 2 TWO R_FSMMATS WILL BE INPUT

VLIST1 (BCD) VARIABLES TO BE WRITTEN ON THE VARI-

ABLE FORMAT TAPE FOR VEHICLE [

=IGA,MGA,OGAtRFIDII,RFIDI2,ENDLST*

VLIST2 (BCD) VARIABLES TO BE WRITTEN ON THE VARI-

ABLE FORMAT TAPE FOR VEHICLE 2

=IGA,MGA,OGA,RFID21,RFID22,ENDLST*

PHASF IN÷2,M) = TERMINATE RUN

NTAPE 0 FLAG TO TERMINATE RUN

FNORIIN

VECTOR FOR VEHICLE ONE

VECT{IR FOR VEHICLE TWO

PREFERREC REFSMMAT ONE

PREFERRED REFSMMAT TWO

NEW REFSMMAT ONE

NEW REFSMMAT TWO

*NOTE - THE LETTER I IS THE NUMBER OF THE VFHICIE. (I=1 FOR

CS_, AND 2 FOR LMI

**NOTE - IF TWO VEHICLES ARE INPUT AND THE VECTORS ARE NOT AT

THE _AME TIME, A PHASE MUST BE INCLUDED, PRIOR TO THE

LVLH ALIGNMENT PHASE, iN WHI""L.n 'ruE,r, E^OLW_a-..._.. vpr.TnR..... IS

COASTED UP TO THE TIMF OF THE LATER YECTOR.
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G. INPUTS (ARMACR) TO THE DOCKING ALIGNMENT PROCESSOR. THIS
PROCESSOR WILL BE USED TO COMPUTE EITHER LM IMU GIMBAL

ANGLES AND FDAI ANGLES, A LM REFSMMAT, OR CSM IMU GIMBAL

ANGLES WI-ILE IN A DOCKED CONFIGURATION. THE IMU GIMBAL

ANGLES OF ONE VEHICLE CAN BE COMPLIED FRCM THE GIMBAL
ANGLES AND REFSMMAT OF THE SECOND VEHICLE AND THE REFSMMAT

OF THE FIRST VEHICLE. IN ADDITION, A LM REFSMMAT CAN BE
COMPUTED FROM THE LM GIMBAL ANGLES AND THE CSM GIMBAL

ANGLES AND REFSMMAT.

LM GIMBAL ANGLE COMPUTATION

PHASE (I,0,3, I| = FIRST COAST PHASE

ROL L I (FP )

*TOTALP -17,

*IREFM I

CSM IMU GIMBAL ANGLES [IGA,MGA,OGA|

SUPPRESS ARMACR PRINT

INPUT CSM REFSMPAT IN 1004 FORMAT

PHASE {2,2| = SECDND COAST PHASE

*INJECT 31

*ATYPE(2I 2

*ROLL2 (FP |

DOCKED VEHICLE CONFIGURATICN

ALIGN LM TO NOMINAL DOCKED CONFIG-

URATION

NOMINAL DOCKED CONFIGURATION ISET

TO 18(_,,0, ,120, )

*|MASS(2) 9qg. VEHICLE TWO DUMMY WEIGHT

PHASE (3,2) = THIRD COAST PHASE

ROLL( 61 (FP | NEGATIVE OF ROLL DOCKING ANGLE
OFFSET

*ATYPE(2| 2 ALIGN LM TO DOCKING ANGLES

PHASF (4,2| : FOURTH COAST PHASE

*IREFM I

*VL IST1 (BCDI

*VLIST2 [BCD)

INPUT LM REFSMNAT lh 1004 FORMAT

VARIABLES TO BE WRITTEN ON THE

VARIABLE FORMAT TAPE

VARIABLES TO BE WRITTEN ON THE

=IGA,MGA,OGA,RFIDII,RFID12,ENDLST=

VARIABLE FCRMAT TAPE

=IGA,MGA,OGA,RFID21,RFID22,ENDLST*
t0-8



PHASE |5,2| = FIFTH COAST PHASE

W_NTAPE

ENDRUN

TERMINATE RLN

CSM IOC4 REFSMMAT

LM 1004 REFSMMAT

LM REFSMMAT CC]MPUTATION

PHASF (I,0,3,1l = FIRST COAST PHASE

ROLLI (FP)

•TnTALP -17.

• IREFM I

CSM IMU GIMBAL ANGLES IIGAtMGA,OGA)

SUPPRESS ARMACR PRINT

INPUT CSM REFS_,NAT IN 1004 FORMAT

PHASF (2,2l = SECOND COAST PHASE

*INJ ECT 31

t,ATYPE (2| 2

*ROLL2 IFP)

• IMASS(2) _99.

DOCKED VEHICLE CONFIGURATICN

ALIGN LM TO hCMINAL DOCKED CCNFIG-

URATION

N_MINAL DOCKED CONFIGURATION {SET

TO 180.,0.,120. )

VEHICLE TWO DUMMY WEIGHT

PHASE (3,2l = THIRD COAST PHASE

ROLLI6) |FP)

•ATYPE(2) 2

NEGATIVE OF RCLL DOCKING ANGLE

OFFSET

ALIGN LM TO DOCKING ANGLES

PHASE (4,2) = FOURTH COAST PHASE

GD57 ( FP !

• IPTYPE 3

LM IMU GIMBAL ANGLES (IGAtMGA,OGAJ

IMU AL IGNME_WT
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*G_O 8 I

*Gnl2 -TO

*VL IST! (BCD)

*VL IST2 (BCDI

ALIGN IMU ONLY

CALCULATE REF SMMAT

VARIABLES TO BE WRITTEN ON THE

VARIABLE FORMAT TAPE

=IGA,MGA,OGA,RFIDll ,RFIDIZ,ENDLST*
VARIABLES TO BE WRITTEN ON THE

VARIABLE FCRMAT TAPE

=IGAtMGAtOGAtRFID21 tRFID22_XI MUX2t
XIMUY2_ XIMUZ2 tYI MUX2 tYIMUY2 t

YIMUZ2, Z( MUX2, Z( MUY2 tZI MUZZt ENDLST*

PHAS_ (5,21 = FIFTH CO_ST PHASE

*NTA PE O

ENDR!IN

CSM 10C4 REFSMMAT

TERMINATE RUN

CSM GIMBAL ANGLE CCMPUTATION

PHASF (I,C,3,1) = FIRST COAST PHASE

*TOT AL P - 17. SUPPRESS ARWACR PRIKT

PHA_E (2,2) = SECOND COAST PHASE

*INJ ECT ]I

*I_ASS(2) 090.

DOCKED VEHICLE CONFIGURATION

VEHICLE TWO DUMMY WEIGHT

PHASE (3,2) = THIRD COAST PHASE

ROLL2 (FP | LM IMU GIMBAL ANGLES (IGA_MGA_OGAI

*IREFM I

*ATYPE(2) 10

INPUT LM REFSMMAT IN IOO4 FORMAT

ALIGN LM TO REFSMMAT AND IMU

GIMBAL ANGLES
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PHASE (4,21 : FOURTH COAST PHASE

• INJECT 30 ALIGN CSM TO LM

=ATYPE 2 ALIGN CSM TO NCMINAL DOCKED CONFIG-

URATION

=ROLL (FP) NOMINAL DOCKED CONFIGURATION (SET TO

180. ,C. ,120. )

PHASE (5,2) = FIFTH COAST PHASE

ROLL(3I (FPI

=ATY PE 2

NEGATIVE OF ROLL COCKING ANGLE

OFFSET

ALIGN WITH DOCKING ANGLES

PHASF (6,2) = SIXTH COAST PHASE

ROLL2 (FP) LM [MU GIMBAL ANGLES {IGAtMGAtOGA)

_I_'J_=CT 31 DDCKFD VEHICLE CC_FIGURATICN

*IREFM 2 INPUT LM ANC CSM REFSMMAT IN 1004

_ATYPE(2) 10 ALIGN LM TO REFSMMAT AND IMU

GIMBAL ANGLES

=VLISTI (BCD) VARIABLES TO BE WRITTEN ON THE
VARIABLE FORMAT TAPE

=IGA _MGA, OGAtRFIDll •RFIDI2 tENDLST_

_VLIST2 (BCDI VARIABLES TO BE WRITTEN ON THE
VARIABLE FORMAT TAPE

=IGA ,MGA •OGA• RFID21 •RFID22 _ENCLST=

PHASF (7,2! = SEVENTH COAST PHASE

=NTAPE 0 TERMINATE RLN

ENDRIIN

LM 100/, REFSMMAT

CSM IP_ D I= I:: (_MMA T

LM 1_g/_ REFSN_M_T

=NOTE - THESE INPUTS ARE ALREADY SET IN THE ON-LINE DECKS.
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H. INPUTS (ARMACRI TO THE OPEN HATCH THERMAL CCNTROL

PROCESSOR ARE NOT AVAILABLE AT TH[S TIME.
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10.2.2 ARS PROCESSOR. - THE APOLLO REENTRY SIMULATION

PROCESSOR WILL BE USED TO ACCEPT A STATE VECTOR AT 425,000 FEET

ANC CCMPUTE THE NECESSARY GUIDED ENTRY PROFILE TO HIT A TARGET

LATITUDE AND LONGITUDE. THE STATE VECTOR IS GENERATED BY ONE

CF THE ARMACR PROCESSORS AND IS WRITTEN INTC A 200-WORD

RECORD WHICH INTERFACES WITH THE ARS PROCESSOR. OPTIONS EXIST

WITHIN THE PROCESSOR TO USE ONE OF SIX'DIFFERENT ENTRY MODES

WHICH ARE DESCRIBED BELOW.

MODE 1 - AUTOMATIC GUIDANCE AND NAVIGATICN CONTROL

IN THIS STEERING MODE, THE ARS PROCESSOR USES THE CMC ENTRY
LFIC.IC TO COMPUTE THE ENTRY STEERING COMMANDS AND TO SIMULATE THE

E_TRY TRAJECTORY REQUIRED TO ACHIEVE THE TARGET LANDING PCINT.

MODE 2 - OPEN LOOP FOLLOWED BY GUIDANCE AND NAVIGATION CONTROL

IN THIS FNTRY MODE, AN INITIAL BAI_K ANGLE IS MAINTAINED

FROM 4CO,OOO FEET TO A SPECIFIED G-LEVEL, AT WHICH TIME THE CM

IS ROLLED TD A SECOND BANK ANGLE_ DESIGNATED AS THE BACKUP BANK

ANGLE. THIS ATTITUDE IS MAINTAINED UNTIL THE SECOND G-LEVEL IS

REACHED. FROM THIS TIME UNTIL DROGUE CHUTE DEFLOYMENT, THE ARS

PROCESSOR USES THE GUIDANCE AND NAVIGATICN CONTROL LOGIC TO

CCMPUTE THE STEERING COMMANDS NECESSARY TO ACHIEVE THE TARGET

LANDING POINT. THIS STEERING MODE REQUIRES THE INPUT OF AN
INITIAL AND BACKUP BANK ANGLE AND TWO G-LEVELS.

MODE 3 - BANK/REVERSE-BANK

IN THIS ENTRY MODE, WHICH IS USED TO CCMPUTE BACKUP GUIDANCE
OUANTITIES, AN INITIAL BANK ANGLE IS MAINTAINED FROM 400,000

FEET TO A SPECIFIED G-LEVEL. IT IS THEN FOLLOWED BY A BACKUP

BANK ANGLE TO A COMPUTED TIME TO REVERSE BANK, AND THE REVERSE

BANK ANGLF IS FLOWN TO DROGUE CHUTE D_PLCYMENT, IN THIS STEER-

ING Mr)DE, THE INITIAL BANK ANGLE AND G-LEVEL ARE INPUT, AND THE

BACKUP BAtiK ANGLE AND TIME TO REVERSE BANK ARE COMPUTED BY THE

ARS PROCESSOR.

MODE 4 - COMBINED BANK/REVERSE-BANK AND GUIDANCE AND NAVIGATION

CONTROL

THIS ENTRY MODE IS THE SAME AS THAT DESCRIBED IS THE SECOND

STEERING MODE WITH THE EXCEPTION THAT THE PROCESSOR COMPUTES

TF_E BACKUP EANK ANGLE. THE INPUTS CONSIST OF THE INITIAL BANK

ANGLE AND THE TWO G-LEVELS.

MCDE 5 - ROLLING

IN THIS ENTRY, AN INITIAL BANK ANGLE IS MAINTAINED FROM

400,000 FEET TO A SPECIFIED G-LEVEL FOLLOWED BY A CONSTANT

RCLL RATE TO DROGUE CHUTE DEPLOYMENTC THIS MCDE REQUIRES THE

INPUT OF THE INITIAL BANK ANGLE, G-LEVEL, AND ROLL RATE.
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MCDE 6 - OPEN LOOP

THIS ENTRY CAN EITHER BE A BANK/REVERSE-BARK AS DESCRIBED IN

TEE THIRD STEERING MODE OR A CONSTANT BANK-ANGLE ENTRY FRCM 400,

003 FEET TO DROGUE CHIITE DEPLOYMENT. THE BANK/REVERSE-BANK OP-

TICN OF THIS STEERING MODE REQUIRES THE INPUT OF THE INITIAL

AND BACKUP BANK ANGLES, THE G-LEVEL_ AND THE TIME TD REVERSE

BANK. A CONSTANT BANK ANGLE ENTRY CAN BE SPECIFIED BY INPUTTING

TI-E VALUE OF THE BANK ANGLE TO BE USED AS THE INITIAL BANK AN-
GLE AND INPUTTING THE G-LEVEL AND TIME TO REVERSE BANK AS LARGE

VALUES°

A. TAPE SETUP FOR THE UNIVAC 1108 DATA PROCESSING SYSTEM

TAPE UNIT TAPE DESCRIPTION

I

K

R

U

V

T

EPHEt_ERIS TAPE

SCRATCH UNIT GN FASTRAND

ARMACR PROGRAM (PCF| TAPE
MISSICN DATA TAPE

SCRATCH TAPE
ARS PRCGRA_ (PCF) TAPE

tO-t5



B• CONTROL CARD LISTING FOR THE UNIVAC 1108 CATA PROCESSING

SYSTEM•

COLUMN 1
Wk

COLUMN i

4 8

MSG

ASG I : SEPHEM

ASG K

ASC, R = XXXX

ASG T = XXXX

ASG U = XXXX

ASG V

XOT CUR

TRW R

IN R

TRI R

N XOT ARMACR

PHASE (Mr Nt Ot P|

PHASE (MINI

ENDRUN

XOT

ERS

TRW T

IN T

XQT COLSUS/XXX

COMMENTS

EMPHEMERIS TAPE UNIT

SCRATCH UNIT ON FASTRAND

ARMACR PRCGRAM (PCF) TAPE

NUMBER

ARS PROGRAM (PCF) TAPE

UNIT
MISSICN DATA TAPE NUMBER

SCRATCH UNIT (200-WORD

RECORD)

EXECUTE THE FOLLOWING

INSTRUCTICNS
REWIND UNIT R
INPUT THE ENTIRE USER PCF
FRCM UNIT R

REWIND UNIT R WITH

INTERLOCK

E XECIJTE ARMACR PROGRAM

M IS THE PHASE NUMBER
N IS THE PHASE TYPE
0 IS THE BATE UPDATE

NUMBER

P IS THE FILE NUMBER OF
THE DATA TAPE

ARMACR UPCATES FOR PHASE I

ARMACR UPCATES FOR PHASE M

LAST CARD IN THE ARMACR

PHASE UPDATES

INPUT OCTAL VECTOR FROM

1004

INPUT REFSMATT FROM £004

EXECUTE THE FOLLOWING
I NSTRUCT ICNS
ERASE LAST PROGRAM FROM

MEMORY

REWIND UNIT T

INPUT THE ENTIRE USER PCF
FROM UNIT T
EXECUTE ARS PROGRAM (SCS
FOR BACKUP NODES AND DAP
FCR G AND N ENTRIES
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ENDRUN

EOF

*INCICAT,.S 7/8 OVERPUNCH IN COLUMN l

ARS DATA CARDS

LAST CARD OF THE ARS DATA
CARDS

END OF FILE CARD
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C. INPUTS TO ARS PROCESSORS

ADDITIONAL ARMACR INPUT QUANTITIES FOR THE ARS PROCESSOR ARE

LISTED BELOW

PHASE (l,O,3,P) = ANY FILE FOR ARS ENTRY

ARS(38) (FP)

ARS(48) I,

ARS(90) (FPI

ARS|q5) |FP)

ARS(49) (FP)

ARS(50) (FP)

ARS(99) (FP)

ENTRY WEIGHT (SET TO 12425.0 ON TAPE)

PREBURN SUMMARY SHEET

FOOTPRINT OPTION

= O. DO NOT COMPUTE FOOTPRINT

= l, COMPUTE FOOTPRINT

EMS INITIALIZATION G-LEVEL OR ALTI-

TUDE (SET TO O.C5G IN ARS PROGRAM)

LAD (SET TO 0.2? CN TAPED

LOD (SET TO 0,2G7 OH TAPE)

DIRECTION TO BEGIN @ANK

= 0 SOUTH THEN NORTH

= I NORTH THEN SOUTH

PHASE IN,M) = ANY PHASE

I INTFC I 2GO-WORD RECORD FLAG

THIS 200-WORD ARRAY CONTAINS THE

INFORMATION NECESSARY TO WRITE THE

INTERFACE RECORD ESED TO INITIATE

OTHER PROGRAMS ARMACR COMPUTES

WORDS 1-37 AND 130-136. ALL OTHER
WORDS WILL BE ZERO UNLESS THEY HAVE

BEEN INPUT.
= O THE 2CO-WORD RECORD WILL NOT BE

WRITTEN.
= N THE 20_-WORD RECORD WILL BE

WRITTEN FOR VEHICLE INI, WHERE

N = I CR 2, AT THE TERMINAL
POINT OF THE PHASE IN WHICH

IINTFC IS INPUT.

MnDE I - AUTOMATIC GUIDANCE AND NAVIGATICN CONTROL

PHASE II,O,3,P| = ANY FILE FOR ARS ENTRY

ARS( 3g ) I, AUTOMATIC GUIDANCE AND NAVIGATION

CONTROL STEERING MODE

ARSI40! 0.05 XIGS
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ARS(52) (FP|

AR S( 53 ) (FP)

TARGET LONGITUDE

TARGET LATITUDE

MODE 2 - OPEN LOOP FOLLOWED BY GUIEANCE AND

NAV IC,ATI CN CONTROL

PHASE (I,O,3,P) = ANY FILE FOR ARS ENTRY

ARS(39) 2.

ARS(40) (FP)

ARS(411 (FP|

ARS(42) (FP)

ARS(431 (FP)

ARS(52) (FP)

ARS(53| (FP)

OPEN LOOP kITH G AND N TAKEOVER

Xl G'S (SET TO I.C CN TAPE)

INITIAL BAI_K TO X/ G'S (SET TO 180.0

ON TAPE )

X2 GtS

BACKUP BAI_K TO X2 G'S

TARGET LONGITUDE

TARGET LATITUDE

MPDE 3 BANK/R EVER SE-BANK

PHASE (I,O,3,P) = ANY FILE FOR ARS ENTRY

ARS(39) 3.

ARS(40) (FP)

ARS(41) IFP)

ARS( 521 (FP!

*_S(53,t l_p_

BANK/REVERSE-BANK

Xl G'S (SET TO 1.0 CN TAPED

INITIAL BAI_K TO X/ G'S (SET TO 180.0

ON TAPE )

TARGET LONGITUDE

TARGET LATITUDE

MODE 4 COMBINED BANKIREVERSE-BA_K AND GUIDANCE

AND NAVIGATION CONTROL

PHASE(],O,3,P) = ANY FILE FOR ARS ENTRY

ARS(39) 4. COMBINED BAI_KIREVERSE-BANK AND

GUIDANCE AND NAVIGATION CONTROL
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ARS(ADI (FP)

ARS(4t} (FPl

ARSi 42 ) I FP }

ARSI52) IFP)

ARS(53| (FPI

Xl G'S (SET TO 1. CN TAPE}

INITIAL BAI_K TO Xl GtS (SET TG

180, ON TAPE)

X2 GIS

TARGET LONGITUDE

TARGET LATITUDE

MODE 5 ROLLING

PHASE(1,0,3,P) = ANY FILE FOR ARS ENTRY

ARS(3g) 5.

ARS! 40) I FP )

ARS(41) (FP}

ARS(52) (FP)

ARS(53) (FP)

ROLLING

Xl G'S (SET TO 1. CN TAPE)

INITIAL BANK TO XI G'S (SET TO

18C. ON TAPE}

TARGET LONGITUDE

TARGET LATITUDE

MODE 6 OPEN LOOP

PHASF(1,0,3,P) = ANY FILE FOR ARS ENTRY

.ARS(39) 6.

AR S( 40 ) ( FP I

ARS(41) (FP)

ARS(43} (FP)

ARS(441 (FP)

ARSI52) (FPI

ARSI53} (FP)

OPEN LOOP

Xl G'S (SET TO 1. CN TAPE)

INITIAL BAkK TO Xl GtS (SET TO

180. ON TAPE}

BACKUP BAhK TO GETHRS

GETRR (TIME TO REVERSE BANK SEC)

TARGET LONGITUDE

TARGET LATITUDE
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10.2.3 GOST PROCESSOR, - THIS PROCESSOR WILL PRIMARILY BE USED

TO VERIFY THE CM IMU STABLE MEMBER ALIGI_MENT MADE BY USING THE

CNBOARD OPTICAL SIGHTING EQUIPMENT CONSISTING OF A SCANNING

TELESCOPE, A SEXTANT, AND A BORE SIGHT, BY USING A CATALOG OF

STAR AND FARTH FIXED LANDMARK LOCATIONS, THIS PROCESSOR WILL

CALCULATE IMU GIMBAL ANGLES, REFSMMATS, AND THE SHAFT AND TRUN-

NICN ANCLES OF THE OPTICAL EQUIPMENT, THE PROCESSOR HAS SEVERAL
C)PTI(INS WHICH MAY BE USED TO DETERMINE THE POSITION OF STARS ON

THE INSTRUMENT RETICLES, TO DETERMINE THE NECESSARY SPACECRAFT

ATTITLIDE FOR VIEWING A GRDUND TARGET, TO DETERMINE REFSMMAT, AND
TO DETERMINE IMU GIMBAL ANGLES,
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A, TAPE SETUP FOR THE UNIVAC 1108 DATA PROCESSING SYSTEM

TAPE UNIT TAPF DESCRIPTION

A

I
R

U

V

GEMMV PROGRAM (PCF) TAPE

EPHEMERIS TAPE UNIT

ARM_CR PROGRAM (PCF) TAPE

MISSION DATA TAPE

SCRATCH TAPE (2cJO-WORD

RECORD)

B, CONTROL CARD LISTING FOR THE UNIVAC 1108 CATA PROCESSING

SYSTEM

COLUMN I 4 8

MSG

ASG A = XXXX

ASG I = SEPHEM

ASG R = XXXX

ASG U = XXXX

ASG V

X OT CUR

TRW R

IN R

EN XOT ARMACR

ENDRUN

N XQT CUR

ERS

PER A

PER A

IN A

TRW I
N XOT DGOST

EOF

CCMMENTS
GEMMV PRCGRAM (PCF) TAPE

NUMBER

SUNt MO01_, AND STAR

EPHE MER IDES

ARMACR PRCGRAM IPCF) TAPE

NUMBER

MISS!CN EATA TAPE NUMBER

SCRATCH TAPE (200-WORD

RECORD)

EXECUTE THE FOLLOWING
INSTRbCTICNS

REWIND UNIT R

INPUT THE ENTIRE USER PCF

FRCM UNI T R

SCURCE LA/_GUAGE CORREC-

TIGNS (PATCHESi

EXECUTE ARMACR PROGRAM

ARMACR UPCATES

LAST ARMACR DATA CARD

EXECUTE THE FOLLOWING

I/_STRUCT ICNS

ERASE LAST PROGRAM FROM

MEMORY

POSITION TAPE A TO A END

OF FILE

PCSITION IAPE A TO A END

n," F! l,"

INPUT THE ENTIRE USER PCF
FROM UNIT A
REWIND UNIT I
EXECUTE GOST PROGRAM

GOST DATA CARDS

END OF FILE CARD

*INOICATES 718 OVERPUNCH IN COLUMN I

i0-Z3



GriST PROCESSOR

(FILE 1 UNIVAC IIC8)

A. THE INPUT QUANTITIES FOR THE ARMACR PART CF THE PROCESSOR

ARE THE SAME FOR ALL GCST OPTIONS (WITH TWO EXCEPTIONS

WHICH ARE INDICATED). THE STANDARD INPUT QUANTITIES ARE

LISTED PELOW.

PHASF (I,0,3,1) = INITIAL COAST PHASE

IVECT I OCTAL VECTOR INPUT FLAG

= 0 NO VECTOR DATA SET WILL BE

INPUT

= I ONE OCTAL VECTCR IN BESSELIAN

COORDI NATES

= 2 TWO OCTAL VECTCRS IN BESSELIAN

COORDINATES

IREFM I INPUT REFSMPAT FLAG

= 0 REFSMMAT WILL N_T BE INPUT

= I ONE REFSMMAT WILL BE INPUT

= 2 TWO REFSMMATS WILL BE INPUT

ATYPE 10 INPUT IMU GIMBAL ANGLE

R{]LLI (FP) GIMBAL ANGLES (P,Y,R) (SET TO

0.,0.,0. CN TAPED

GETHR S (FP ) PHASE TERMINATICN

I INTFC I 2CO-WORD RECORD FLAG

B. THE OPTIONS OF THE GOST PART OF THE PROCESSOR TO BE INPUT,

AS WELL AS THE CARD FORMATS ARE LISTED BELOW. OPTION I OR

II.REOUIRES TWO INPUT CARDS WHILE OPT(Ok 5 OR 15 REQUIRES

FOUR INPUT CARDS. THE REMAINING OPTICNS EACH REQUIRE

ONLY ONE CARD. ALL DATA PUNCHED I k COLUMNS I0 THROUGH 70

MUST HAVE D_CIMAL POINTS. THE GOST INPUT CARDS ARE PLACED

IN THE SPECIAL COST ON-LINE DECK JUST AFTER THE 'XCG DGOST'

CARD.

OPTION 1 OR 11
INPUT THE IDENTIFICATION OF TWC STARS AND THE

SEXTANT SHAFT AND TRUNNIEN ANGLE

COMPUTE' REFSMMAT
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OPTI(]N 2 OR I2

INPUT'

COM PUTE

OPTION 3 OR 13

INPUT

COMPUTE

OPTION 4 OR I4

INPUT

COM PUT E '

OPTION 5 OR I5

INPUT

COMPUTE i

OPT InN I-2

NUMBER

i OR II

2 OR 12

3 OR 13

4 OR 14

5 OR 15

II

II

12

13

IL,

15

15

t5

15

NO INPUTS ARE NEEDED FCR OPTION 2 OR 12

THE LOCATION OF TWO STARS WHICH ARE IN

THE SCANNING TELESCOPE FIELD OF VIEW AT A

SPECIFIED SPACECRAFT ATTITUDE AND IMU

ALIGNMENT, THE TWO STARS MUST SATISFY THE

CONDITION THAT CNE STAR LIES ON THE R-

LINE AND THE OTHER STAR LIES AS CLOSE AS

POSSIBLE TO THE M-LINE OF THE TELESCOPE

RECTICLE PATTERN,

THE IDENTIFICATICN OF STARS

THE SEXTANT SHAFT AND TRUNNION ANGLES FOR

EACH OF THE INPUT STARS.

THE SPACECRAFT LVLH ROLL AND YAW ANGLES

PLUS THE SPACECRAFT PITCH ANGLE TO THE

HORIZON,

GIMBAL ANGLES AND LVLH PITCH ANGLE

THIS OPTION IS THE SAME AS OPTICN I OR 11

EXCEPT IMU GIMBAL ANGLES ARE INPUT IN THE

GOST RATHER THAN THE GEM_V PROGRAM.

REFSMMAT

COLUMNS

10-25 30-45 50-65

STAR NO.I

STAR NO.2

STAR NO.I

LVLH ROLL

STAR NO.I

STAR NO.2

ROLL GA N0.1

ROLL GA N0,2

SHAFT NC}.I

SHAFT I_0.2

STAR NC, 2

wk_

SHAFT NO, I

SHAFT hO.2

PITCH GA NO.I

PITCH GA N0.2

TRUNNION NO.I

TRUNNION N0,2

w_

LVLH YAW

TRUNNION NO, I

TRUNNION NO.2

YAW GA NO. i

YAW GA NO.2
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,I,NI'IRMALt.Y THESE COLUMNS SHOULD BE BLANK. IF NCN-BLANK, COLUMNS

I0-15 SHOULD CONTAIN THE RCLL GIMBAL ANGLE, CCLUMNS 30-45 SHOULD

CCr,'TAIN THE PITCH GIMBLE ANGLE, AND COLUMNS 5C-65 SHOULD CONTAIN

TH e YAW GIMBAL ANGLE. IF ANY OF THESE ANGLES ARE ZERO, THEY MUST

BE PUNCHED .00001.

*W,NORMALLY A BLANK OR O. EITHER IS RECOGNIZED BY THE t)ROGRAM AS

A 31.7 DEGREE PITCH BETWEEN THE X-BODY AXIS AND LINE-OF-SIGHT TO

THE HORIZON. OTHERWISE, THE PITCH ANGLE (IF OTPER THAN 31.7 DEG)

SHOULD BE INPUT.
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1C.2,4 EARTH-LIGHT ILLUMINANCE PROCESSOR, - THIS PROCESSOR

WILL RE USED TO COMPUTE THE TOTAL AMOUNT OF REFLECTED EARTH-LIGHT
CN THE SPACECRAFT SCANNING TELESCOPE,
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A. TAPE SETUP FOR THE UNIVAC [lOB r)AIA PROCESSING SYSTEM

TAPE UNIT TAPE DESCRIPTION

A

I

R

t_

V

GEMMV PROGRAM (PCF) TAPE

EPHEMERIS TAPE UNIT

ARMACR PROGRAM (PCF) TAPE

M; SSICN DATA TAPE

SCRATCH TAPE (200-WORD

RECORD;

B. CO.NTROL CARD LISTING FOR THE UNIVAC 110B DATA PROCESSING

SYSTEM

CCLUMN 1 4 8

MSG

ASG A = XXXX

ASG I = SEPHEM

ASG R = XXXX

ASG U = XXXX

ASG V

XOT CUR

TRW R

IN R

EN XOT ARMACR

ENDRtlN

N XOT CUR

ERS

PER A

PER A

PER A

PER A

CCMMENTS

GEMMV PROGRAM (PCF; TAPE

NUMBER

SUN, MOCN, AND STAR

EPHEMERI DES

ARMACR PROGRAM (PCF| TAPE

NUMBER

MISSICN DATA TAPE NUMBER

SCRATCH TAPE (200-WORD

RECORD;

EXECUTE THE FOLLOWING

I NSTRUCTIENS

REWIND UNIT R

INPUT THE ENTIRE USER PCF

FRCM UNIT R

SCURCE LAhGUAGE CORREC-

TIONS (PATCHES)

EXECUTE ARMACR PROGRAM

ARMACR UPCATES

LAST ARMACR DATA CARD

EXECUTE THE FOLLOWING

I NSTRUCT ICNS

ERASE LAST PROGRAM FROM

MEMORY

PCSITION TAPE A TO A END

OF FILE

POSITION TAPE A TO A END

OF FILE

POSITION "rAPE A TO A END

OF F; LE

POSITION TAPE A TO A END

OF FILE
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PER A

PER A

PER A

IN A

TRW I

N XQT LUMAN

EOF

*INDICATES 7/8 OVERPUNCH IN COLUMN 1

PESITION TAPE A TO A END

OF FILE

PCSITION TAPE A Tr')A END

OF FILE
PCSITION TAPE A TO A END

OF FILE
I.NPUT THE ENTIRE USER PCF

FROM UNIT A

REWIND UNIT I

ILLUMINANCE DATA CARDS

GCST DATA CARDS

END OF FILE CARD
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EARTH-LIGHT ILLUMINANCE PRGCESSOR

(FILE 81 UNIVAC II08)

Ao THE STANDARD ARMACR INPUT QUANTITIES ARE LISTED BELOW

IVECT I OCTAL VECTOR INPUT FLAG

= 0 NO VECTOR DATA SET WILL BE

INPUT

- I ONE OCTAL VECTOR IN BESSELIAN

COORDINATES

-- 2 TWO OCTAL VECTCRS IN BESSELIAN
COORDINATES

IREFM I INPUT REFSMMAT FLAG

= 0 REFSMMAT WILL NOT BE INPUT

= I ONE REFSMNAT WILL BE INPUT

= 2 TWO REFSMMATS WILL BE INPUT

GETHRS (FP! PHASE TERMIkATICN

IINTFC I 200-WORD RECORD FLAG

R. INPUTS TO THE EARTH-LIGHT ILLUMINANCE PROCESSOR ARE LISTED
B ELOW

CARD 1 DATA CARD

COLUMNS

11-30 SHAFT ANGLE

CARD 2

COLUMNS

1-6

NEXT FILE ON PCF TO BE EXECUTED

FILE N (NORMALLY SET TO CI
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11, Sf'LAR PARTICLE ALERT NETWORK PROGRA_ (SPAk)

11•1 GENERAL

THIS SECTION PRESENTS A BRIEF DESCRIPTICN CF THE SPAN PRO-

;RAM, INCLUDING TAPE AND CONTROL CARD SETUPS AND INPUT INSTRUC-

TIONS.

11•2 PROGRAM DESCRIPTION

THE SOLAR PARTICLE ALERT N__TWORK (SPAN) PROGRAM PROCESSES

SflLAR FLARE DATA FROM THE SOLAR PARTICLE ALERT NETWORK TO DETER-

MINE THE SOLAR PARTICLE ENVIRONMENT IN THE EARTH-MOON REGION OF

S PACE.

11.3 TAPE SETUP FOR THE UNIVAC 1108 PROCESSING SYSTEM

TAPE UNIT TAPE DESCRIPTION

X

A,B

SPAN PROGRAM TAPE

FIRST AND SECOND DATA TAPES

PRODUCED BY TEE 418 FROM PAPER

TAPE• BOTH UNITS A AND B, UNIT

A ALONE, OR NEITHER UNIT MAY BE

UTILIZED, DEPENDING ON WHETHER

PAPER TAPES ARE PROVIDED•

11.4 CONTROL CARD SETUP FOR THE UNIVAC 1108 PROCESSING SYSTEM

CCLUMN 1 4 8

MSG

ASG A = XXXX

ASG B = XXXX

ASG X=XXXX

X OT CUR

TRW A

TRW B

TRW X

IN X

N XOT RFANAL

EOF

CCMMENTS

FIRST TAPE GENERATED BY

418 IS PROVIDED

SFCCND TAPE GENERATED BY

418 IS PROVIDED

SPAN PROGRAM (PCF) TAPE

REWIND UNIT A

REWIND UNIT B

REWIND UNIT X

INPUT THE ENTIRE PCF FROM

UN! T X

EXECUTE SPAN PROGRAM

DATA
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11.5 INPUTS

AN INPUT SHEET FOR SPAN, CONTAINING AS MANY AS 30 INPUTS, IS
PROVIDEr) BY THE TRAJECTORY STAFF SUPPORT ROOM. GNE OR TWO

O_INCHED PAPER TAPES MAY ALSO BE PROVIDED, IN WHICH CASE, THESE
TAPES ARE PROCESSED BY THE 418 IN BUILDING 12, WITH THE RESULTS

B__ING PUT ON ONE OR TWO MAGNETIC TAPES.. IF TWO TAPES ARE PRO-

CUCED, UNITS A AND-B WILL BE ASSIGNED TO THESE TAPE NUMBERS. IF

_NE TAPE IS PRODUCED, UNIT A WILL BE ASSIGNED TC THAT NUMBER.

THE CARD INPUT DATA FOR SPAN BEGINS IN COL.I AND CONSISTS OF THE

NUMBFRS AND LETTERS ON THE SPAN INPUT SHEET, AS PROVIDED BY THE

SSR, INCLUDING THE TWO INPUT SEQUENCE NUMBERS. ONLY THOSE CARDS
CONTAINING CATA ON THE PROVIDED SHEET NEED TO BE INPUT.
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12. OPERATING INSTRUCTIONS FOR THE APOLLO GENERALIZED OPTICS

PROGRAM [AGOP)

12.1 GENERAL

THE APCLLD GENERALIZED OPTICS PROGRAP INCLUDES THOSE

CCMpUTATIONS PRESENTLY BEING PERFORMED BY GF)ST, SOME OPTICS OF
TI_E WORK SCHEDULE PROCESSOR, A LM OST (LOST), STAR SIGHTING

TABLE ISST), ANt).OTHER RELATED OPTICS/ANTENNA PCINTING CALCUL-

aTIONS. THESE CALCULATIONS CAN BE MADE FCR EITHER VEHICLE (CSM
OR LM|, BOTH VEHICLES, OR VEHICLES IN A DOCKED CONFIGURATION.

TFERE ARE g OPTIONS PRESENTLY AVAILABLE WITH 3 CF THESE TO BE

USED FOR SUPPORT OF APOLLO 9,

12,2 PROGRAM DESCRIPTION

CPTION I OF THE APOLLO GENERALIZED OPTICS PRCGRAM WILL BE

USED FOR CISLUNAR NAVIGATION. THIS PROGRAM OPTICN DEFINES AN

INERTIAL ATTITUDE WHICH WILL ALIGN THE OPTICAL SYSTEM TO THE

HCRI/ON F)R SOME SPECIFIED LANDMARK ON THE EARTH OR MOON.

O_JTPIJT CONSIST OF IMU GIMBAL ANGLES AND THE OPTICS SHAFT AND

TRUNNION ANGLES TO POINT THE SEXTANT AT THE SPECIFIED STAR,

IF THE REQIIIRED ATTITUDE CANNOT BE OBTAINED WITHOUT GOING

THROUGH GIMBAL LOCK, A 'PSEUDO METHOD' IS AVAILABLE WHEREBY A

YAW GIMBAL ANGLE IS INPUT AND THE PROGRAM COMPUTES THE PITCH

AND ROLL GIMBAL ANGLES NECESSARY TO EFFECT THE DESIRED

AL IGNMENT.

OPTION 2 WILL ACCEPT A STATE VECTOR AND COPPUTE THE RIGHT
ASCENSION AND DECLINATION OF THE SPACECRAFT WITH RESPECT TO THE

EARTH, AND THE RIGHT ASCENSION AND DECLINATICN OF THE EARTH,

MCGN AND SUN WITH RESPECT TO THE SPACECRAFT. ADDITIONALLY IT

COMPUTES THE SAME QUANTIT-_S REFERENCED TO AN INPUT LANDMARK WHEN

MODE 2 IS SELECTED.
MODE 2 OF OPTION 2 WILL COMPUTE RIGHT ASCENSION, DECLINATION,

AND THE UNIT VECTOR FROM THE SPACECRAFT TO THE SPECIFIED LAND-

MARK OR TO THE CENTER OF TME EARTH, MCCI_, AND SUN AS DESIRED.

OPTION 3 WILL OUTPUT THE RIGHT ASCENSION AND DECLINATION OF
ALL STARS IN THE CATALOG (EARTH REFERENCED, 1969)
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OPTION 4 WILL ACCEPT A STATE VECTOR AND IMU GIMRAL ANGLES AND

C_MPUTE THE PITCH AND YAW ANGLES OF THE ONBGARD S-BAND HI-GAIN

AKTENNA, S-BAND STEERABLE ANTENNA, AND RENDEZVCLS RADAR ANTENNA

NECESSARY T(! POINT AT A SPECIFIED GROUND BASED R_r)AR. THIS COMP-

tJTATI(IN ALSO OUTPUTS THE RELATED AZIMUTH AND ELEVATION ANGLES

REQUIRED FOR ThE GR(IUND STATICN TO ACQUIRE THE SPACECRAFT. AN

_F)DITIONAL OPTION PROVIDES THE CAPABILITY OF FIXING THE
ANTENNA POSITION AND COMPUTING THE NECESSARY SPACECRAFT GIMBAL

ANGLES FOR POINTING THE ANTENNA AT THE SPECIFIED GROUND STATION.

CPTION 5 COMPUTES THE IMU GIMBAL ANGLE REQUIRED TO PLACE THE

SPACECRAFT IN A PASSIVE THERMAL CONTROL IPTCI ATTITUDE, WITH THE

+X-AXIS ORIENTED 90 DEGREES WITH RESPECT TO THE SUN AND TO THE
EARTH F(IR OMNIDIRECTIONAL COMMUNICATICN. IN ORDER TO AVOID GIMBAL

LOCK, THIS OPTION IS CONSTRAINED TO 20 DEGREES IN YAW GIMBAL

ANGLE. IF TFE ALIGNMENT REQUIRES GREATER THAN 2C DEGREES, A NEW
PREFERRED REFSMMAT WILL BE COMPUTED WHICH WILL RESULT IN GIMBALS

EQUAL TO 0,0,0.

OPTION 6 COMPUTES THE ANGLE IN THE SPACECRAFT XZ PLANE FROM

THE SPACECRAFT X-AXIS TO THE LUNAR HORIZON AND THE LUNAR
TERMINATOR. TFE OUTPUT GIVES THE PITCH DOWN AKGLE TO THE HORIZON

AND THE TERMINATOR, WITH AN INDICATION AS TC WHETHER THE HORIZON

IS LIT.

OPTION 7 IOST) WILL PRIMARILY BE tEED TO VERIFY THE CMC AND

LM STABLE MEMBER ALIGNMENT MADE BY USING THE CNBOARD OPTICAL

SIGHTING EQUIPMENT. THIS OPTION IS DIVIDED INTO 5 MODES WHICH

ARE AS FOLLOWS'

MODF I CCMPUTES THE YAW GIMBAL ANGLE REQUIRED TO PLACE THE

Z-AXIS IN THE LOCAL VERTICAL PLANE AND A PITCH ANGLE WHICH
WILL PLACE THE _ORIZON ON THE LANDING PCINT DESIGNATOR (LPD|.

THE NECESSARY INPUTS ARE REFSMMAT, GIMBAL ANGLES, AND TIME.

MOOE 2 USES AN INPUT REFSMMAT, SPACECRAFT ATTITUDE, AND TIME

INTERVAL TO CDMP!JTE AOS, LOS, AND OPTICS ANGLES FOR IO STARS.

TPESE QUANTITIES WILL ALSO BE COMPUTED FOR INPUT STARS

{FPCM I TO I0).

MC)DE 3 COMPUTES A REFSMMAT BY SPECIFYING THE TIME OF THE STAR

_IGHTINGS, STARS I.D., OPTICS ANGLES, AND SPACECRAFT ATTITUDE.

THE CAPABILITY EXISTS TO INPUT TWO SETS OF GIMBAL ANGLES WITH

THE ABOVE INPUT DATA AND COMPUTE THE REFSMMAT.

MODE _ USES AN INPUT PEFSMMAT, SPACECRAFT ATTITUDE FOR BOTH

VEHICLES, AND A TIME TO COMPUTE THE SECOND VEHICLE REFSMMAT. IF

BCTH REFSMMATS ARE INPUT, THE SECOND VEHICLE ATTITUDE WILL BE

COMPUTED.
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'_ODE5 CCMPUTESTHe CSM GIMBAL ANGLES REQUIREDTO POINT THE
A_]TAT THE DESIRED TA_qFT. THE INPUTS ARE REFSMMAT,DOCKING
ANGLE, CNE STAR I.D. ,_NDOPTICS ANGLES.

NPTION _ |SSTI WILL BE USED TO COMPUTE GROUNC AND CELESTIAL

ST(;HTING DATA FOR SELECTED TARGETS. THE SPACECRAFT ATTITUDE CAN

F_ PIXED AND ThE OPTICS MOVED, OR THE OPTICS ANGLES ARE FIXED

AND THE SPACECRAFT IS MF)VED IN ORDER TO SIGHT THE TARGET. THIS
_P'rION IS DIVIBEC INT[I 5 MODES WHICH ARE AS FgLLOWS.

PODE I CCMPUTES IMU C_IMBAL ANGLES FOR SIGNTII_G A SPECIFIED

LANDMARK. INPUTS ARE REFSMMAT, LANDMARK, ELEVATION ANGLE, OPTICS
EATA, AND A TIME.

MODE 2 COMPUTES IMII GIMBAL ANGLES FOR SIGHTIKG A SPECIFIED

ST_R, INPUTS ARE RE_SMMAT, STAR I.D. OR RIGHT ASCENSION AND
DECLINATION, TIME, AND OPTICS DATA.

MF_nE 3 COMPUTES THE F)OTICS ANGLES FOR SIGHTING A SPECIFIED

LANDMARK. INPUTS ARE REFSMMAT, LANDMARK, qPTICS SYSTEM,
-LEVATION ANGLE, GIMBAL ANGLES, AND A TIME.

MODE 4 COMPUTES ThE OPTICS ANGLES FOR sIr_NTII_G A SPECIFIED

STAR. INPUTS ARE REFSYMAT, STAR I.D. OR RIGHT ASCENSION AND
r)ECLINATIDN, TIME, AND THE OPTICAL SYSTEM.

MODE 5 CO:IPUIES AN IMAGINARY STAR GIVEN THE REFSMMAT,
GIMSAL ANGLE:,, AND _PTICAL SYSTEM.

THE REQUIRED INPUTS DESCRIBED ABOVE ARE EITHER INPUT INTO ARMACR

LIR AGOP. NORMALLY, THE ARMACR INPUTS ARE STATE VECTOR, REFSF'MAT,
GIM_AL ANGLES, TIME INTERVAL AND STEP SIZE. THE AGOP INPUTS ARE
DESCRIBED BELOW.
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]2•3 TAPE SETUP FOR THE UNIVAC 1108 DATA PROCESSING SYSTEM,

TAPE UNIT TAPE DESCRIPTION

I

R

ql

O

AGOP PROGRAM (PCF) TAPE

EPHEMERIS TAPE UNIT

ARMACR PROGRAM (PCF) TAPE

MISSION DATA TAPE

EPHEMERIS TAPE FROM ARMACR

12•4 CF;NTROL CARD LISTING AND ONLINE DECK SETUP FOR THE UNIVAC

11('8 DATA PROCESSING SYSTEM•

Ct_LIIMN | 4 8

MSG

ASG A = XXXX

ASG I =$EPHEM

ASG R = XXXX

ASG U = XXXX

ASG Q

XOT CUR

TRW R

IN R

TRI R

N XOT ARMACR

XOT CUR

G

G

ERS

TRW A,O

IN A

XOT AGOP

IRA 2,4

TRA 2,4

EDF

COMMENTS

AGOP PRGGRAM (PCF| TAPE

EPHEMERIS TAPE UNIT

ARMACR PROGRAM [POE) TAPE

NUMBER

MISSION DATA TAPE NUMBER

EPHEMERIS TAPE TO BE WRIT-

TEN BY ARMACR

EXECUTE THE FOLLOWING

INSTRUCTICNS

REWIND UNIT R

INPUT THE ENTIRE USER PCF

FRC_ UNIT R

REWIND UNIT R WITH

INTERLOCK

EXECUTE ARMACR PROGRAM

ARMACR UPCATES

EXECUTE THE FOLLOWING

INSTRUCTIONS

ERASE CORE

REWIND UNITS A AND Q

IhPUT THE ENTIRE USER PCF

EXECUTE THE AGOP PROGRAM

G-ARRAY INPUTS FOR CASE 1

EXECUTE CASE I

G-ARRAY INPUTS FOR CASE 2

EXECUTE LAST CASE

END OF FILE CARD

*INDICATES 7/8 OVERPUNCH IN COLUMN !
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12.5 AGOP INPUT DEFINITIUNS

AGOP INPUTS CAN BE DIVIDED INTC TWO TYPES, GENERAL AND

REQUIRED. THE GENERAL INPUTS ARE THOSE THAT ARE COMMON TO ALL

THE OPTIONS, WHILE THE REQUIRED INPUTS ARE COMMON TO SPECIFIC

OPTIONS CR MJDES. THE GENERAL INPUTS ARE LISTED BELOW FOLLOWED

BY THE REQUIRED INPUTS FOR EACH OPTION.

GENERAL INPUTS

_G4

GI4

G24-_

G29

*G30

G31 -,:_

G127

.GII2/

G128

GII2_

G255

G34 3

VEHICLE EPHEMERIS TAPE UNIT (IF OTHER

THAN Q )

IF SEI TO [, REFSMMAT MUST BE INPUT IN

G3 ].-9

IMU GIMEAL ANGLES (O.G.A, I.M.A, M.G.AI

SET TO 0 ON TAPE (EXPECTS GA'S TO BE IN-

PUT IN G24-6

SET TO I TO PICK UP GA'S FROM ARM EPHEM-

ER IS TAPE

ACTIVE VEHICLE

=0 CSM

=I LM

=2 CSM AND LM

REFSMMAT (TSMZIJ

CSM SPECIAL OPTION FLAG

:0 NO EFFECT
:I REPEAT RUN(WHERE LM OPTICS WERE USED|

FOR CSM OPTICS

LM SPECIAL OPTION FLAG

:0 NO EFFECT

:I REPEAT RUN(WHERE CSM OPTICS WERE USEDb

FOR LM OPTICS

SPECIFIES WHICH SECTION OF THE EPH. TAPE

CONTAIhS CSM DATA

:0 CSM FIRST 40

=I CSM SECOND 6,0

SPECIFIES WHICH SECTION OF THE EPH. TAPE

CONTAINS LM DATA

=0 LM FIRST 40

:I LM SECOND 40

ELEVATION ANGLE

SET TO I TO INPUT FOAl ANGLES
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G30 1-09

*G20OO

*G20OI-IO

*G42_

W_G427

• G2C_ I

*G2012

LM FDAI ANGLES (R,P,Y)

SECOND SET OF IMU r,IM_L ANGLES FOR

MODE 3 ONLY

SECGND REFSMMAT FOR LM OPTICS ONLY

NUMBER OF STARS

STAR l.O.(l-lO). IF SET TO 392 INPUT

RIGHT ASCENSION AND DECLINATION OF THE

ST AR

RIGHT _SCENSION OF A STAR

OECLINATION OF A STAR

NUMBER OF LANDMARKS

LANDMARK NUMBER (I TO 86)

IF NEW EARTH LANDMARKS ARE TO BE

INPUT, SET G2012 TO L AND INPUT THE

CUOROIrwATES AS FOLLOHS'

LEt DEC LUNGITUDE, LAT ITUDE,HE IGHT

IF MOOn LANDMARKS ARE TO BE INPUT, SET

G2012 TO 60 AND INPUT THE COORDINATES

AS FOLLOWS.

MLI DEC LONGI TUDE,LATITUDE ,HE IGHT

_OCKEC CONFIGURATION (SET TO I)

DOCK II_G ANGLE

CPTICAL DATA - FLAG TO SPECIFY WHICH OPTICAL SYSTEM TO hE

USED, FOLLOWED _Y THE CORRESPONDING INPUTS.

G373

G411-12

G41 3-14

G373

G352

G353-54

SET TO 0 TO USE THE CSM SXT/SCT (SEXTANT/

TELESCCPE} OPTICAL SYSTEM

SHAFT ANGLES FOR TWO STARS

TRUNNICN ANGLES FOR TWO STARS

SET TO 1 TO USE THE LM COAS (CREWMAN

OPTICAL ALIGNMENT SIGHT) OPTICAL SYSTEM

COAS MCUNTEt) ON LM AXIS

=0 X-AXIS

=1 /.-AXIS

EL (CCAS ELEVATION ANGLE) FOR TWO STARS
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G355-56

G373

G371-72

G352

G353-54

G355-5b

SXP (PCSIIION ON COAS RETICLE LINE) FOR

TWO STARS

SET TO 2 TO USE THE LM AOT (ALIGNMENT

OPTICAL TELESCOPE) OPTICAL SYSTEM

AOT L IhE I.D. FOR TWO STARS

=1 ÷Y-AXI S

:2 +X-AXI S

=3 -Y-_XI S

:4 -X-AXIS

f

AOT DETENT POSITICNS (0 TO 5l

A1 (ANGLE TO PLACE STAR ON LINE I.D.|

FOR TwIC STARS

A2 (ANGLE TO PLACE STAR ON SPIRAL)

FOR TWC STARS

THE FULLOWING INPUTS CA_ BE USED IF AGOP IS TO BE

EXECUTEd ALUNE. (Nd EPHEMERIS TAPE)

GI CURRENT GREENWICH LONGITUDE

• G3 SET TO I FOR EARTH REFERENCED INPUTS

SET TO 2 FUR LUNAR REFERENCED INPUTS

G5 SET TU I IF ALL INPUT WILL BE FROM CARDS,
SET IC O IF EPHEMERIS TAPE WILL BE USED

FOR ANY INPUTS.

(FOR I_,STANCE THE VECTOR AND TIME MAY I:E
TAKEN FROM THE TAPE. IN ALL CASES, CARD

INPUT CVER-RIDES EPHEMERIS TAPE INPUT.

• G7 YEAR

•GI6 GAY OF YEAR OF LIFT-OFF

'I'GIO-12 HR, MI_, SEC OF LIFT-OFF

G13 VECTOR TIME (G.E.T. HOURSI

GI8-._O POSITICN VECTOR (BESSELIAN ECI ER)

G21-)3 POSITICN VECTOR (BESSELIAN MCl ER)

GI06-8 POSITIEN VECTOR (EESSELIAN ECI FT)

GI09-11 POSITICN VECTOR (BESSELIAN MCI FT)

GII2 SET TO 0 IF POSITION VECTOR IS IN FT,

I IF IN ER
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VECTORTIME(G.E.T, HRS, MIN, SEC)

SET IC I IF G.E.T. IS INPUT IN HRS, MIN,

_EC

OPTION L - CISLUNAR NAVIGATION

G20 1

G20 6-8

G216-12

G214

_G2CJG

G200 I

G215

G26

MODE IC BE USED

I STAR/EARTH HORIZON

2 STAR/MOON HORIZON
3 STAR/EARTH LANDMARK

4 STAR/MOON LANCPARK

b.E.T. START HR, MIN, SECS

G.E.T. STOP HR, MIN, SECS

DELTA I MIN

NUMBER OF STARS

STAR I,D.

SET TC I FOR 'PSEUDO METHOD' (YAW GIMBAL

INPUT)

DESIREC YAW FOR G215:1

CPTION 2 - REFERENCE BOCY COMPUTATION

G225

G22b-8

G229-31

*G2OlI

mG2CI2

G23b
G237

SE T TO i

G.E.I. START HR, MIN, SECS

G.E.T. STOP HR, MIN, SEC

NUMBER OF LANDMARKS

LANDMARK NUMdER

DELTA T MIN
OPTION FOR MODE 2 OF OPTION 2

0 EITFER 0 OR NO INPUT CALLS MODE I

I CENTER OF EARTH *THESE OPTIONS OUT-

2 CENTER CF MOON *PUT RIGHT ASCENSION,
*DECLINATION, ANO

*UNIT VECTOR TO THE

3 CENTER CF SUN *SPECIFIED BODY FROM

4 LANCMARK (E OR MI *THE SPACECRAFT
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CPTICN ._ - STAR CATALOG

G24G SE T TO I

EPTIGN -, - ANTENNA POINTING

G24-o

*G3C

G25C

G252-4

G263-5

G267

G255

*G2 C].1

*G2012

G26 8-9

G27 n

IMU GIMBAL ANGLES (O.G.A., I.G.A., M.G.A.)

(INPUT IF OTHER THAN THOSE ON THE

EPH. TAPE)

ACTIVE VEHICLE
=O CSM

=I LM

=2 CSM AND LM

ANTENNA PGINIING OPTION

=I S-BAND HI-GAIN (MOVABLE)

=2 S-BAND STEERABLE (MOVABLE)

=3 RE_,CEZVOUS RADAR (MOVABLE)

=4 S-BAND HI-GAIN (FIXED) (TO COMPUTE

LM GIMBALS _HEN DOCKED INPUT CSM AS

VEHICLE TWO, LM AS VEHICLE ONE, AND

A NEGTIVE DOCKING ANGLE)

=5 S-BAND STEERABLE (FIXED) (TO COMPUTE

CSM GIMBALS WHEN DOCKED INPUT THE CSM

REFSMMAT INTO G-ARRAY G31-9 AND
GIO31-g)

=6 RENCEZVOUS RADAR (FIXED) ITO COMPUTE
CSM GIMBALS WHEN DOCKED INPUT THE CSM

REFSMMAT INTO G-ARRAY G31-9 AND
Gl031-g)

G.E.T. START HR, MIN, SECS

G.E.T. STOP MR, MIN, SECS

DELIA I MIN

DESIREC ELEVATION ANGLE

NUMBER OF LANDMARKS

LANDMARK NUMBER

ANTENNA PITCH AND YAW ANGLES (REQUIRED

FOR G250=4,5, OR 6)

AXIS GIRECTION (LM MUST BE VEH. 2)

=O HEACS UP
=I HEACS DOWN
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OPTION 5 - PASSIVE THERMAL CONTROL (PTC) ATTITUDE

G275

G27q-Ol

G283-5

G28 6

oET TO I

G.E.T. START HR_ MIN, SECS

G.E.T. STOP HR_ MIN, SECS

DELTA I MIN

OPTION o - TERMINATOR-HCRIZON ANGLES

G300

G301-303

G 30 4-306

G307

G310

SET TO I FOR OPTION 6

G.E.T. OF START HR, MIN, SECS

G.E.T. OF STOP HR, MIN, SECS

DELTA lIME BETWEEN COMPUTATIONS IMINS|

SET TO I TO HAVE OPTION 6 EXECUTED FOR

FIRST AND LAST POINTS ONLY OF THE EPHEM-

ER IS TAPE

CPTICN 7 - OST

MODE I LM HCRIZ_IN CHECK

GI33D

*G30

G1331-33

G133@-36

G1331

SET TC I TC CALL MODE I (VEHICLE TWO)

LM VEHICLE ACTIVE ISET TO I)

G.E.T. START HR, MIN, SEC

G.E.T. STOP HRt MIN, SEC

DELIA I MIN

G],I 28 SET TO 2 TO READ VEHICLE TW0 DATA

FROM THE SECOND HALF OF EPH. TAPE

MODE 2 ALIGNMENT AND MANEUVER CHECK

G330 SET TO 2 TO CALL MODE 2

*G3C ACTIVE VEHICLE

=0 CSM

=I LM

=2 CSM AND LM
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G373

G359

G360

*G2OO0

*G2OJ I-I0

G331-33

G336-36

G337

SET TO DESIRED OPTICAL SYSTEM

=0 ONLY INPUT REQUIRED
=l INPtT G352

=2 INPET 6371-72 AND G352
UPTIGN FLAG
=0 STAR SEARCH
=t STARS HILL BE INPUT

STAR /_UMBER TO BEGIN SEARCH

(WILL BEGIN WITH I IF NOT SET)

NUMBER OF STARS (REQUIRED IF G359=I)

STAR I.D.'S (REQUIRED IF G359=I}

b.E.T. START HR, MIN, SEC (REQUIRED INPUTJ

G.E.T. STOP HR, MINt SEC (REQUIRED INPUT)

DELTA T MIN

MODE 3 COMPUTE REFSMMAT

6330

*G3C

G373

G346

*G2OJO

_'G2 O01 - 2

G33 1-33

G334-36

G337

SET TO 3 TO CALL MODE 3

ACTIVE VEHICLE
=0 CSM

=I LM

=2 CSM AND LM

SET TO DESIRED OPTICAL SYSTEM

(INPUT RELATED OPTICS ANGLES)

SET TO I TO INPUT TWO SETS OF ATTITUDES

NUMBER OF STARS

TWO SIAR I.D.'S

G.E.T. START HR, MIN, SEC

G.E.T. STOP HR, MINt SEC

DELTA T MIN

MCDE 4 DOCKING ALI_NtSENT

G330 SET TO 4 TG CALL MODE 6

*G30 CSM ANC LM ACTIVE (SET TO 21
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*GI 129

*GI lJO

G385

b331-33

G33 4-36

G33 7

COCKEC CONFIGURATIJN (SET TO I)

UOCK ING ANGLE

GPTICN FLAG

=0 COMPUTE GIMBAL AND FDAI ANGLES

:I COMPUTE REFSMMAT

{ INPUT REQUIRED G-ARRAYS)

G.E.T. START HRe MINe SEC

G.E.T. STOP HR, MINe SEC

DELTA T MIN

MODE 5 POINT AOT WITH CSM

G33_

*G30

*GI 129

*GII_O

G373

*G2 O,)O

*G20Ol

G331-33

G334-36

G337

SET TO 5 TG CALL MODE 5

CSM ANC LM ACTIVE (SET TO 2)
=0 C SM

=I LM

=2 CSM AND LM

GOC.KEC CONFIGURATION (SET TO l)

i.)OCK I N C- ANGLE

SET TG 2 TC CALL AOT OPTICS

(INPUT RELATED OPTICS ANGLES)

SET TC _ TO INPUT I STAR

STAR I .D.

G.E.T. START HR, MIN, SEC

G.E.T. STOP HR, MIN, SEC

DELTA l MIN

CPTICN 8 - SST

MODE i LANDMARK FIXED OPTICS

G400 SET TO I TO CALL MODE I

*G3C ACTIVE VEHICLE

:0 CSM

=i LM

:2 CSM AND LM
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*G20i 1

*G20] 2

G255

G373

G401-03

G404-06

G40 7

NUMBER OF LANDMARKS

LANDMARK NUMBER

ELEVATION ANGLE

SET TO DESIRED OPTICAL SYSTEM

(INPUT RELATED OPTICS ANGLES}

G.E.T. START HRt MIN, SEC

G.E.T. STOP HR, MINt SEC

DELTA T MIN

MCDE 2 STAR FIXED OPTICS

G373

*G2GJO

*G200I

G40 I-G 3

G40 4-06

G407

SET TG 2 TO CALL MODE 2

ACTIVE VEHICLE

=0 CSM

=i LM

=2 CSM AND LM

SET TC DESIRED OPTICAL SYSTEM

(INPUT RELATED OPTICS ANGLES}

NUMBER OF STARS

ST AR I .D.

G.E,T. START HRt MINt SEC

G.E.T. STOP fiR, MINt SEC

DELTA I MIN

MGDE 3 LANDMAI_K MOVABLE OPTICS

G40C SET TO 3 TO CALL MODE 3

*G3C ACTIVE VEHICLE

=0 CSM

=I LM

:--2 CSM AND LM

*G2011 NUMBER OF LANDMARKS

*G2012 LANDMARK NUMBER

G255 ELEVATION ANGLE
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G373

G40 1-03

G40 4-0 6

_ET TO DESIRED OPTICAL SYSTEM

=0 UNLY INPUT REQUIRED

=I INPLT G352

=2 INPUT G371-72 AND G352

G.E.T. START HR, MIN, SEC

L,.E.T. STOP HRt MIN, SEC

G407 L)ELTA T MIN

MODE 4 STAR MUVABLE OPTICS

G40O SET TO 4 TO CALL MODE 4

*G30 ACTIVE VEM ICLE

=n CSM

=I LM

=2 CSM AND LM

*G2CJO NUMBER OF STARS

*G2OJ i STAR I.D.

G373 SET TO DESIRED OPTICAL SYSTEM

=0 ONLY INPUT REQUIRED

=i INPUT G352

=2 INPUT G371-72 AND G352

G401-03 G.E.T. START HR, MIN, SEC

G404-G6 G.E.T. STOP HR, MIN, SEC

G407 DELTA I MIN

MODE 5 STAR SPECIAL

G40C SET T(_ 5 TO CALL MODE 5

*G30 ACTIVE VEHICLE
=0 CSM

=l LM
=2 CSM AND LM

G3T3 SET TO DESIRED OPTICAL SYSTEM
(INPUT RELATED OPTICS ANGLES)

GqOl-03 G.E.T. START HR, MIN, SEC

G404-06 G.E.T. STOP HR, MIN, SEC

G407 DELTA T MIN
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WrTHESE G-ARRAYS ARE USE_ FOR EITHER VEHICLE ONE OR VEHICLE

IWO, THE REMAINNING G-ARRAYS LISTED ABOVE ARE FOR VEHICLE ONE_

BUT CAN _.E CHANGED TU VEHICLE TWO BY ADDING IOgO TO THE G-ARRAY,

• :_TC] SPCIFY A SINGLE TIME POINT, THE START AND STOP TIME

SHOULL) BE EQJAL,
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13. OPERATING INSTRUCTION FOR THE MASS PRPPE_TIES, REACTION

CONTROL SYSTEM, SERVICE PROPULSION SYSTE_ ('_RS) _ROGRAM

13.1 GENERAL

THIS SECTION PRESENTS A BRIEF DESCRIpTICN (]F THE MRS PROGRAM,

TFE TAPE SETUP AND CONTR[IL CARDS REQUIRED TO CP=RATE THE PROGRAM

CN THE IBM 7094 AND UNIVAC llG8 DATA SYSTEMS.

13.2 PROGRAM DESCRIPTION

THE MRS PROGRAM WILL BE USED TO GENERATE _ CCMPLETE REACTION

CCNTPOL SYSTEM PROPELLANT BUDGET USING PREVIOLSLY SUPPLIED DATA

FOR INDIVIDUAL MANEUVER PROPELLANT CONSI_MPTION AND INTERNALLY

CQMpUTEI] _ASS PROPERTIES CHARACTERISTICS.

13.3 TAP E SETUP FOR THE IBM 7094 DATA PRCCESSING SYSTEM

TAPE UNIT

A5

B5

B6

TAPE OESC_IFTION

NEW BLCCKF q EVENT DEFINITIONS

TIMELINE EVENTS

BLOCKED EVENT DEFINITIONS

13.4 TAPE SET_JP FOR THF UNIVAC Ii08 PRCCESSING SYSTEM

TAPE UNIT

F

G

I

X

TAPE OESCRI PTION

NEW BLOCKED EVENT DEFINITIONS

TIMELINE EVENTS

BLOCKED EVENT DEFINITIONS

MRS PRCGRAM TAPE

13,5 CC]NTROL CARD LISTING FOR THE UNIVAC 11('8 DATA PROCESSING

SYSTEM

COLIIMN I 4 8

MSG

ASG F: XXXX

ASG G: XXXX

ASG I= XXXX

ASG X= XXXX

XOT CUR

TRW F,G,I,X

IN X

COMMENTS

NEW BLOCKF,) EVENT

DEFINITICNS TAPE

T!MELINE EVENTS TAPE

BLOCKEr} EVENT DEFINITIONS

TAPE

IvRS P_,qGRAM (PCFI TAPE

EXECUTE THE FOLLOWING

I I_STRUCTIENS

REWIND UNITS F,G,I, AND X

INPUT THE ENTIRE USER PCF

FROM UNIT X
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N XQT MRSDRV

Q

EOF

EXECUTE THE MRS PROGRAM

MRS CATA CARDS

END OF DATA

13.6 INPUTS TO THE MRS PROGRAM

THE INPUTS TO THE MRS PROGRAM ARE PRESENTED

IN THe CSM MRS PROGRAM DESCRIPTICN (REFERENCE 5),
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14. OPERATING INSTRUCTIONS FOR THE LUNAR MODULE (LM) REACTION

CONTROL SYSTEM (RCS) CONSUMABLES PROGRAM

1_,1 GENERAL

THIS SECTION PRESENTS A BRIEF DESCRIPTION OF THE LM RCS

PROGRAM, THE TAPE SETUP AND CONTROL CARDS REQUIRED TO OPERATE

TFE PROGRAM ON THE IBM 7094 AND UNIVAC 1108 DATA SYSTEMS.

14.2 PROGRAM DESCRIPTION

THE LM RCS PROGRAM GENERATES LM RCS PROPELLANT CONSUMPTION

BUDGETS IN RESPONSE TO AN INPUT MISSION TIMELINE EVENT

DESCRIPTION. IT IS BASICALLY A BUDGET PROGRAM AND NOT A ACTUAL

SIMULATION OF VEHICLE PERFORMANCE. THE RCS PROPELLANT

CONSUMPTION CATA AND MASS PROPERTIES DATA USED TO COMPUTE

ThE PROFILE ARE STORED IN THE PROGRAM PRE-FL[GHT_ BUT CAN BE

UPCATED IN REAL-TIME.

14.3 TAPE SETUP FOR THE IBM 7094 DATA PROCESSING SYSTEM

TAPE UNIT

A2

A5

A6
A7
B5
B6

TAPE DESCRIPTION

LM RCS PROGRAM (PCF) TAPE

NEW BLOCKED EVENT

DEF INITION

NAMELIST LMDATA TAPE

OUTPUT TAPE

TIMELINE EVENTS

BLOCKED EVENT DEFINITIONS
i

14..4 TAPE SETUP FOR THE UNIVAC 1108 PROCESSII_G SYSTEM

TAPE UNIT
F

G
H

I

J

X

TAPE DESCRIPTION

NEW BLOCKED EVENT

DEFINITICN

TIMELINE EVENTS

NAMELIST LMDATA TAPE

BLOCKED EVENT DEFINITIONS
ObTPUT TAPE
LM RCS PROGRAM (PCF) TAPE

14.5 CONTROL CARD LISTING FOR THE UNIVAC 110B DATA PROCESSING

SYSTEM

COLUMN 1 4. 8
MSG

ASG F= XXXX

ASG G= XXXX

ASG I" XXXX

t4-t

CCMMENTS
NEW BLOCKED EVENT
DEFINITIONS TAPE
TIMELINE EVENTS TAPE
BLOCKED EVENT DEFINITIONS
TAPE



ASG X= XXXX
ASG HtJ
XOT CUR

TRW FtG,ItHtJtX

IN X

N XQT LEMDRV

EOF

LM RCS PRCGRAM (PCF) TAPE

SCRATCH TAPES
EXECUTE THE FOLLOWING

INSTRUCTICNS
REWIND UNITS F,G,I,H,J_

AND X
INPUT THE ENTIRE USER PCF

FROM UNIT X

EXECUTE THE LM RCS

PROGRAM

L_ RCS DATA CARDS

END OF DATA

14.6 INPUTS TO THE LM RCS PROGRAM

THE INPUTS TO THIS PROGRAM ARE CONTAINED IN THE LM RCS

CONSUMABLES PROGRAM USER'S MANUAL (REFERENCE 7)•
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I5. OPERATING INSTRUCTION FOR THE DESCENT PROPULSION SYSTEM
SUPERCRITICAL HELIUM SYSTEM (SHE) PROGRAM

15.1 GENERAL

THIS SECTION. PRESENTS A BRIEF DESCRIPTICN OF THE SHE PROGRAMt
THE TAPE SETUP AND CONTROL CARDS REQUIRED TO OPERATE THE PROGRAM
ON THE UNIVAC 1108 DATA PROCESSING SYSTEMS.

15,2 PROGRAM DESCRIPTION

THIS PROGRAM MODELS THE DPS SUPERCRITICAL HELIUM PROPELLANT

TANK PRESSURIZATION SYSTEMt AND OUTPUTS THE MAXIUM PRESSURE THAT
WILL RESULT DURING THE MISSION•

15.3 TAPE SETUP FOR THE UNIVAC IIOB PROCESSING SYSTEM

TAPE UNIT TAPE DESCRIPTION
A SHE PROGRAM TAPE

15,4 CONTROL CARD LISTING FOR THE UNIVAC 1108 DATA PROCESSING

SYSTEM

COLUMN I 4 8

MSG
ASG A= XXXX

X OT CUR

TRW A

IN A

N XOT MAIN

EOF

COMMENTS

SHE PROGRAM (PCF) TAPE

EXECUTE THE FOLLOWING

INSTRUCTIONS

REWIND UNIT A
INPUT THE ENTIRE USER PCF
FROM UNIT A
EXECUTE THE SHE PROGRAM

SHE DATA CARDS

END OF DATA
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15,5 INPUTS TO THE SHE PROGRAM

THE INPUTS TO THIS PROGRAM ARE PRESENTED IN THE DESCENT

PROPULSION SYSTEM SUPERCRITICAL HELIUM SYSTEM PROGRAM USERIS

GUIDE (REFERENCE 8), BUT ARE IN THE PROCESS OF BEING CHANGED,

THFREFORE, THE INPUTS REQUIRED WILL BE PUBLISHED AT A LATER TIME,
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16. OPERATING INSTRUCTION FOR THE SPACECRAFT ELECTRICAL
ENERGY NETWORK ANALYSIS (SEENA} PROGRAM

16,1 GENERAL

THE SEENA PROGRAM IS A ELECTRICAL POWER SYSTEM PROGRAM THAT
CAN BE CONFIGURED TO COMPUTE THE ELECTRICAL POWER PROFILE FOR

ANY SPACECRAFT. THE PROGRAM IS DESIGNED TO CALL VARIOUS BLOCKS

OF POWER CONSUMING COMPONENTS AND COMPUTE THE ENERGY CONSUMED,

A USER'S MANUAL IS BEING PREPARED AT THIS TIME.
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REFERENCES

1, OPERATIONAL SUPPORT PLAN FOR REAL-TIME AUXILIARY COM-

PUTING FACILITY APOLLO 9 FLIGHT AKNEX MSC INTERNAL NOTE

NO. 68-FM- , NUMBER AND DATE TO BE ASSIGNED.

2, TASK AGREEMENT FOR OPERATIONAL SUPPORT FOR THE REAL-TIME

AUXILIARY COMPUTING FACILITY, TASK MSClTRW A-130, AMEND-
MENT N0.8, SEPTEMBER 20,1968.

3. APOLLO BLOCK DATA USER'S MANUAL (REVISICN I), TRW

NOTE &B-FM-683, SEPTEMBER 20,1968.

4. ADDITIONS AND CHANGES TO ABDP, TRW/ICC NC. 3423.7-27,
DECEMBER 3, I968.

5. APOLLO REFERENCE MISSICN PROGRAM USER'S MANUAL- VERSION

ARM06, TRW REPORT 05952-HS"/8-RO-O0, AUGUST 26,1968.

6. CSM MRS PROGRAM DESCRIPTION, TRW NOTE NO. 68-FMT-621,

FEBRUARY 28, 1968.

?. LM RCS CONSUMABLES PROGRAM USER'S MANUAL, TRW NOTE NO.

68-FMT-716, NOVEMBER 30,1968.

8, CESCENT PROPULSION SYSTEM SUPERCRITICAL HELIUM SYSTEM PROGRAM

USER'S GUIDE, TRW NOTE 68-FMT-664, JUNE 28,1968.
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